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1.0  INTOODOCTICN 


1 . 1 Background 

The  Silver  Bow  Creek  CERCLA  Study  Area  is  an  extensive  inorganic 
contamination  site,  located  between  Butte,  Montana  and  the  Warm  Springs 
treatment  ponds  near  Warm  Springs,  Montana.  Contamination  of  the  Silver 
Bow  Creek  drainage  consists  primarily  of  heavy  metals,  arsenic,  and 
acid-producing  sulfides  which  pose  potentially  major  health  and  environ- 
mental hazards. 

Contamination  of  air,  soil,  surface  and  ground  water  stems  mostly  from 
tailings  and  other  mining  waste  deposited  in  the  Silver  Bow  Creek  channel 
and  floodplain.  Streambank  tailings  in  particular  are  situated  so  that 
tailings  may  be  eroded  by  wind  or  water.  Soluble  metals  released  frcm 
sulfide  oxidation  may  be  leached  into  surface  and  ground  water. 

Remedial  measures  for  streambank  tailings  must  solve  a variety  of 
problems.  These  include  acid  production  and  movement  of  contaminated 
leachate  to  surface  and  ground  water,  erosion  by  water  and  by  wind  and 
direct  contact  hazard  to  humans  and  livestock  or  wildlife.  Typical 
remedial  alternatives  which  may  correct  most  of  these  problems  include 
removal  to  a secure  storage  area  or  capping  to  reduce  precipitation 
infiltration  and  air  entrainment.  These  techniques  work  well  for  sites 
with  small  areal  involvement  or  volumes;  however,  for  sites  in  which  the 
areal  extent  of  contamination  is  very  large  and  involves  large  volumes  of 
material  the  practical  application  of  these  technologies  may  decrease 
s igni f icantly . Since  streambank  tailings  along  Silver  Bow  Creek  are 
disseminated  over  much  of  its  27  mile  length,  and  involve  millions  of  cubic 
yards  of  material  the  Montana  Department  of  Health  and  Environmental 
Sciences  (MDHES)  agreed  that  new  and  innovative  technologies  should  be 
investigated  as  potential  remedial  alternatives.  One  of  these  technologies 
is  modification  of  tailings  characteristics  (pH,  plant-available  metals) 
followed  by  revegetation. 
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1.2  Purpose  and  Scope 

The  Streambank  Tailings  and  Revegetation  Study  (STARS)  is  divided  into 
a laboratory/greenhouse  (phase  I)  component  to  develop  and  test  treatments 
at  a bench  scale,  and  a field  scale  (phase  II)  demonstration  of  selected 
remedial  alternatives. 

The  purpose  of  Phase  I of  STARS  was  to  develop  and  test  innovative 
remedial  measures  to  modify  streambank  tailings  (waste)  characteristics 
sufficiently  to  allow  them  to  be  revegetated.  Chemical  amendments  were 
added  to  waste  that  would  reduce  leaching  of  metals  to  ground  water,  and 
prevent  contaminated  runoff  to  surface  water.  Greenhouse  tests  will  be 
implemented  to  select  species  that  can  be  used  to  revegetate  amended 
wastes.  The  intent  of  revegetation  is  to  reduce  fugitive  dust,  reduce 
leachate  to  ground  water  due  to  enhanced  evapotranspiration,  and  to  provide 
surface  soil  protection. 

Phase  II  activities  will  include  field  implementation  of  the  remedial 
options  designed  in  Phase  I and  evaluation  of  the  response  of  the  treat- 
ments in  reducing  leachate  quantity  and  in  abatement  of  metal  flux  to 
surface  and  ground  water.  The  overall  project  schedule  was  designed  to 
allcw  siting,  and  construction  of  demonstration  plots  so  that  fall-seeding 
can  be  performed  in  1988  on  the  plots.  Interim  activities  between  phase  I 
and  phase  II  are  described  in  this  technical  memorandum.  Completion  of 
these  interim  activities  are  required  to  insure  the  timely  completion  of 
the  STARS  investigation. 

The  purpose  of  this  memorandum  (Transition  Phase  - STARS)  is  to 
identify  and  select  candidiate  locations  for  installation  of  the  STARS 
field  plots,  to  identify  homogeneous  plot  locations  and  to  measure  selected 
soil  and  site  parameters  needed  for  remedial  design.  Six  bulk  soil 
samples  (Table  1)  from  the  35  sampled  in  the  fall  of  1987  were  selected  for 
detailed  testing.  Field  investigations  will  be  performed  in  the  vicinity 
from  which  these  candidate  samples  were  collected.  It  is  important  to 
assess  the  field  variability  of  key  characteristics.  An  assessment  of 
variability  will  facilitate  the  proper  location  of  field  plots  so  that 
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excessive  variability  will  not  mask  experimental  results.  In  addition, 
those  soil  characteristics  that  will  be  used  to  design  soil  amendment  rates 
or  other  design  criteria  must  be  determined  in  samples  collected  freon  field 
plots.  Parameters  of  importance  include  soil  texture,  sulfur  fractions, 
pH,  electrical  conductivity  (EC) , salinity,  depth  of  tailings,  and  depth  to 
ground  water. 

This  technical  memorandum  has  been  assembled  to  describe  field 
activities  anticipated  including  the  kinds  and  number  of  analytical 
determinations,  the  number  and  kind  of  CLP  soil  samples,  and  the  design  of 
the  field  evaluation.  After  approval  of  this  draft,  activities  will  be 
initiated  including  1)  assessment  of  soil  variability  based  on  XRF  metal 
levels,  pH,  EC,  depth,  and  field  texture;  2)  selection  of  potentially 
representative  replicated  plot  locations  in  homogeneous  areas;  and  3) 
staking  and  sampling  of  experimental  locations  for  parameters  needed  for 
developing  soil  amendment  rates,  and  4)  submission  of  samples  for  SAS 
analytical  determinations,  RAS  metals,  and  soil  nutrient  analyses. 

Table  1.1  Candidate  samples  investigated  in  phase  1 STARS  column  and 
greenhouse  studies. 


SAMPLE  # 

CLASS* 

SITE  # 

501-1-1 

1 

33 

556-2-1 

2 

7 

537-1-1 

3 

21 

559-3-1 

T 

2 

553-1-2 

B 

9 

513-2-1 

F 

27 

* Classes  include  type  1-3  tailings  defined  in  earlier  reports,  in-place 
tailings,  buried  soils,  and  flood-affected  soils. 
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2.0  OBJECTIVES 


2.1  Overall  Objectives  of  STARS 

Hie  primary  objectives  of  the  Streambank  Tailings  and  Revegetation 
Study  (STARS)  are  to: 


GENERAL  OBJECTIVE  1:  Design,  field  test,  and  evaluate  the  response  of 

potential  remedial  measures  for  mitigation  of  human  health  and 
environmental  impacts  from  streambank  tailings  using  chemical 
microencapsulation,  deep  incorporation,  cover-soil  isolation, 
and  enhanced  evapotranspiration  techniques. 


GENERAL  OBJECTIVE  2:  Develop  a method  of  ranking  tailings -con- 

taminated areas  for  selecting  contaminated  remedial  measures. 


These  objectives  will  allow  the  RI/FS  project  team  to  collect  the 
required  performance  data  to  design  selected  innovative  remedial  alterna- 
tives for  consideration  in  the  feasibility  study. 


2.2  Objectives  of  STARS  Field  Site  Selection  and  Sampling  (Transition 
Phase  - STARS: 

The  specific  objectives  of  interim  activities  are  to: 


SPECIFIC  OBJECTIVE  1:  Locate  and  delineate  field  plot  locations  for 

each  candidate  soil  or  tailings  (waste)  investigated  in  Phase  1 
column  and  greenhouse  investigations.  Suitable  sites  will  be 
determined  to  be  representative  of  the  candidate  sample, 
relatively  homogeneous,  and  accessible  by  heavy  equipment. 


SPECIFIC  OBJECTIVE  2:  Samples  will  be  obtained  from  each  plot  at  each 
site  and  will  be  analyzed  for  those  parameters  necessary  to 
design  field  treatments.  Determination  of  RAS  metal  levels  and 
of  plant  nutrient  availability  is  also  required.  Splits  of 
samples  will  be  archived  for  comprehensive  analysis  at  a later 
date.  These  archived  splits  will  represent  unamended  (baseline) 
chemical  conditions. 
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3.0  APPROACH 


3.1  Task  1:  Assess  Field  Variability 

The  variability  of  the  mine  wastes  in  the  vicinity  of  six  selected 
waste  samples  evaluated  in  phase  I (Figure  3.1)  will  be  characterized  by 
measuring  several  parameters  in  a grid  of  sample  points.  At  each  site  an 
area  of  approximately  70,000  square  feet  will  be  selected  with  a grid 
spacing  of  approximately  35  feet.  At  each  grid  point,  several  field 
measurements  will  be  made  of  the  0-6  inch  material  and  at  lower  depths. 
There  will  be  in  excess  of  100  samples  evaluted.  This  screening  step  will 
be  used  to  select  field  plot  areas  that  are  both  homogenous  so  that 
treatment  effects  are  not  obscured,  and  are  representative  of  the  bulk 
sample  of  mine  waste  investigated  in  phase  I,  Column  and  greenhouse 
investigations . 

Field  measurements  in  a grid  pattern  will  include  saturated  soil  paste 
pH,  EC  of  a 1:10  soil/solution  suspension,  and  total  metal  levels  measured 
by  X-ray  Fluorescence  Spectroscopy  (XRF) . These  properties  will  be 
measured  using  Standard  Operating  Procedures  described  in  Appendix  A.  At 
each  site,  a generalized  soil  profile  description  will  be  developed  to 
identify  characteristics  of  deposits  with  depth  (Appendix  A) . All  field 
data  will  be  written  on  prepared  field  forms  to  facilitate  accurate 
recording  of  data  and  to  insure  that  proper  calibration,  and  decontamina- 
tion procedures  are  followed  and  that  other  quality  assurance  program 
steps  are  followed.  The  QA/QC  program  objectives  are  contained  in  section 
4.0.  Calibration  and  operating  procedures  for  all  field  equipment  is  in 
Appendix  A. 

Individual  data  points  will  be  analyzed  by  a block  kriging  program 
which  is  a statistical  technique  for  drawing  contour  lines  of  equal 
concentration  (isopleths)  on  maps  of  the  site.  This  statistical  program 
also  provides  an  estimate  of  variability  of  measured  parameters.  Hence, 
the  plots  can  be  located  in  areas  with  levels  of  key  parameters  within 
known  confidence  limits  of  a particular  target  value.  For  example,  if 


5 


MAP  number: 

SILVERBOW  CREEK 

RI/FS 

STARS  FIELD  LOCATION 

client:  M.  D.  H.E.S. 

location:  SILVER30W,  DEER  LODGE,  a 
POWELL  COUNTIES 

date: 
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Figure  3-1.  Location  of  field  sites  for  the  STARS  Phase  II  field  investigation. 


total  copper  of  the  phase  1 bulk  sample  was  2100  mg/kg,  we  may  choose  to 
locate  plots  only  on  sites  within  the  90  percent  confidence  level  of  that 
value.  If  the  90  percent  confidence  level  corresponded  to  ± 300  mg/kg 
copper,  then  plots  could  be  placed  where  copper  values  ranged  from  1800  to 
2400  mg/kg  copper.  If  the  block  kriging  program  does  not  provide  a 
satisfactory  model,  then  traditional  weighted  average  interpolation  of  the 
data  will  be  used  to  produce  isopleth  maps. 

Plot  homogeneity  will  be  determined  using  the  isopleth  maps  of  field 
parameters  and  other  significant  factors  (waste  material  thickness,  depth 
to  ground  water,  contaminant  concentration,  etc.) . The  intent  of  the 
screening  procedure  conducted  on  the  large  area  (70,000  square  feet)  is  to 
select  a smaller  area,  which  is  representative  of  the  waste  material  type 
and  as  homogeneous  as  possible,  to  locate  the  replicated  study  plots. 

Blocks  within  each  plot  will  be  orientated  to  result  in  as  little  varia- 
bility as  possible. 

Results  of  the  site  screening  procedure  will  be  displayed  on  a series 
of  maps  each  showing  the  contoured  values  and  associated  variance  for  each 
measured  parameter.  Maps  will  be  overlaid  to  find  areas  best-suited  (most 
homogeneous)  for  locating  plots.  The  replicated  plots  will  cover  an 
approximate  area  of  12,000  square  feet. 

3.2  Task  2:  Design  / Locate  / Delineate  Field  Plots 

Experimental  soil  amendment  treatments,  amendment  incorporation 
techniques,  and  vegetative  mixtures  developed  during  the  phase  1 STARS 
investigation  will  be  evaluated  at  up  to  six  field  plot  locations.  Since 
phase  1 STARS  is  on-going,  the  specific  treatments  to  be  evaluated  have  not 
been  selected.  Hence,  a generalized  master  plot  design  will  be  delineated 
at  each  study  site.  The  master  plot  design  will  accommodate  one  or  more 
soil  and  vegetative  treatments  developed  during  phase  I. 

The  objective  of  the  phase  I column  studies  and  greenhouse  studies  is 
to  formulate  a single  suite  (best  combination)  of  soil  amendments  for 
neutralizing  toxic  metals  in  the  six  waste  types  (each  waste  type  is  repre- 
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sented  by  one  of  the  bulk  samples) . This  single  suite  of  soil  amendments 
will  be  applied  to  plots  in  the  field,  allowed  to  equilibrate,  and  plots 
will  be  seeded  in  the  late  fall  of  1988.  Amendments  will  be  incorporated 
into  soils  using  1)  standard  agricultural  equipment  (plow,  disc,  harrow) , 

2)  using  a mechanical  deep- incorporation  tool  (deep  plow,  deep  rotary 
mixer) , and  3)  using  pressure  injection.  A brief  background  on  each  deep- 
incorporation  method  is  attached  (Appendix  C) . Variable  coversoil 
thickness  over  amended  waste  will  also  be  evaluated  as  a soil  treatment.  A 
coversoil  "wedge"  varying  from  0 to  18  inches  in  thickness  will  be 
installed.  This  treatment  design  has  been  successfully  used  by  a variety 
of  investigators  (Barth  and  Martin  1980) . Plots  will  be  large  enough  to 
evaluate  two  species  mixtures.  If  after  the  outcome  of  phase  1 greenhouse 
tests,  only  a single  species  mixture  is  recommended,  the  plot  size  can  be 
reduced  to  reduce  field  implementation  costs.  Field  plots  will  be 
replicated  four  times  at  each  site. 

The  arrangement  of  plots  will  facilitate  statistical  interpretation  of 
field  response  to  soil  and  vegetative  treatments.  Soil  response  parameters 
to  be  measured  include  water  content  changes  (including  an  estimate  of 
ground  water  recharge) , changes  in  soil  chemical  properties,  and  changes  in 
soil  pore  water  chemistry.  It  is  felt  that  these  parameters  do  not  need  to 
be  evaluated  independently  on  separate  vegetative  treatments.  Vegetation 
response  parameters  will  include  germination,  establishment,  cover,  and 
yield  (second  year)  of  each  seeded  species.  In  addition,  metal  content  of 
forage  will  be  measured.  A split-plot  statistical  design  with  two  factors 
(soil  and  vegetative  treatments)  is  best-suited  for  this  experiment 
(Snedechor  and  Cochran  1978) . 

Figure  3.2  illustrates  the  master  plot  design  for  the  phase  2 STARS 
field  plots.  There  will  be  five  primary  soil  treatments  including  a 1) 
control,  2)  agricultural  implement  incorporation  (6  inch  depth) , 3)  a 
mechanical  deep-  incorporation  treatment  (18  inch  depth) , 4)  a pressure 
slurry  injection  treatment  (entire  depth  of  waste  deposit) , and  5)  a 0 to 
18  inch  thick  topsoil  wedge  over  waste  amended  to  6 inches  in  depth.  A 
sixth  plot  was  designed  into  the  experiment  for  any  additional  treatments 
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Figure  3.2.  Master  plot  design  for  the  Phase  II  STARS  field  study. 


that  investigators  may  want  to  test  after  initiation  of  the  experiment. 

One  possible  use  of  the  sixth  plot  would  be  for  evaluation  of  a second 
suite  of  soil  amendments  using  one  incorporation  technique,  certain 
treatments  are  not  likely  to  be  necessary  on  some  sites.  Cover  soil  is  not 
expected  for  the  buried  soil  or  irrigation-affected  soil.  Pressure- in jec 
tion  of  lime  is  not  likely  to  be  warranted  in  the  flood-  affected  soil. 
These  treatments  will  be  deleted  from  the  master  plot  design  at  these 
sites. 
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Soil  treatments  will  be  installed  in  16  by  20  foot  plots.  The  six 
soil  treatment  plots  will  be  separated  by  an  eight  foot  buffer  zone  to 
allow  machinery  access  and  to  avoid  overlapping  treatment  effects.  The 
relative  placement  of  the  soil  treatments  will  be  selected  randomly.  Two 
alternate  arrangements  of  the  six  plots  (which  together  form  one  replicate 
or  "block")  are  shewn  in  Figure  3.2.  Depending  on  the  pattern  of  spatial 
variability  found  in  task  1,  block  dimensions  can  be  either  20  by  150  feet, 
or  50  by  80  feet.  Vegetative  treatments  will  be  installed  using  a 
"split-plot"  technique  where  one-half  the  plot  is  seeded  into  each  species 
mixture.  The  portion  of  the  plot  used  for  a particular  species  will  be 
randomized.  The  plot  design  will  be  replicated  four  times  at  each  site. 

The  statistical  method  used  to  compare  results  frem  each  treatment  is 
called  analysis  of  variance  (Snedecor  and  Cochran,  1978) . The  analysis  of 
variance  model  used  to  analyze  vegetative  response  is  shewn  in  Table  3.1 
while  that  used  for  evaluation  of  soil  response  is  shewn  in  Table  3.2. 
Results  from  the  cover-soil  treatment  plots  will  be  analysed  in  a separate 
analysis  of  variance  where  increasing  cover-soil  depths  are  treated  as 
separate  treatments. 

Table  3.1.  The  analysis  of  variance  model  used  to  evaluate  vegetative 
results  from  the  STARS  phase  II  field  investigation. 


Source 

n 

Degrees  of 
Freedom 

F value 

Soil  Treatments 

5 

4 

MS/Error  MS 

Species  Treatments 

2 

1 

MS/Error  MS 

Soil  X Species 
Interaction 

10 

9 

MS/Error  MS 

Blocks 

4 

3 

— 

Error 

Total  Plots 

40 

22 

- 

10 


Table  3.2.  The  analysis  of  variance  model  used  to  evaluate  soils  results 
from  the  STARS  phase  2 field  investigation. 


Source 

n 

Degrees  of 
Freedom 

F value 

Soil  Treatments 

5 

4 

MS/Error  MS 

Blocks 

4 

3 

— 

Error 

Total  Plots 

20 

12 

- 

At  each  field  location,  four  replicate  sets  of  treatment,  blocks,  will 
be  delineated  in  homogeneous  areas  with  chemical  properties  similar  to  the 
bulk  sample  collected  from  the  site.  The  plot  locations  will  be  staked, 
and  the  relative  elevation  of  plot  comers  will  be  surveyed  into  a local 
datum  for  control.  Base  maps  shewing  plot  location  will  be  at  the  same 
scale  as  maps  prepared  in  task  1. 

3.3  Task  3:  Preliminary  Sampling 

Samples  will  be  collected  from  plots  for  four  purposes  including  1)  to 
measure  chemical  and  physical  parameters  required  for  design  of  soil 
amendment  rates,  2)  to  measure  levels  of  plant  nutrients  to  design  initial 
fertilizer  rates,  3)  to  measure  total  metal  levels  for  verification  of  XRF 
results,  and  4) to  archive  samples  representative  of  baseline  (pre-amend- 
ment) conditions  for  later  soil  chemical  analyses. 

Samples  will  be  collected  from  throughout  the  zone  of  amendment 
incorporation.  All  plots  will  be  sampled  from  0 to  6 inches.  The 
mechanical  deep-incorporation  and  pressure- injection  plots  will  also  be 
sampled  from  6 to  18  inches  in  depth.  Finally,  the  pressure- injection 
plots  will  be  sampled  from  18  inches  to  the  base  of  the  waste  deposit. 
Cover-soil  from  an  offsite  source  of  material  will  be  sampled  for  analysis. 
Cover-soil  material  will  be  representative  of  material  widely  available 
site-wide  for  remedial  clean-up . Since  soil  material  is  not  likely  to 
available  in  adequate  quantities,  alluvial  material  which  is  commonly  found 
throughout  the  site  will  be  used. 
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For  0-6  inch  samples,  a 1-inch  diameter  stainless  steel  core  sampler 
will  be  used  to  collect  at  least  20  cores  distributed  throughout  each  plot. 
The  individual  cores  will  be  composited  and  mixed.  Three  splits  will  be 
taken  from  the  composite  sample  for  analyses  described  above.  A hydraul- 
ically- driven  2-inch  diameter  King-tube  will  be  used  to  collect  deeper 
samples  from  four  locations  per  plot.  These  samples  will  be  composited  and 
split  similar  to  the  0-6  inch  samples. 

Samples  for  nutrient  analysis  will  be  split  from  individual  plot 
samples  and  then  composited  by  block  to  reduce  the  number  of  analyses.  A 
fertilizer  rate  for  each  replicate  set  of  treatments  will  be  assembled 
based  on  results  of  these  analyses. 

The  number  and  kinds  of  samples  to  be  analyzed  is  discussed  in  detail 
in  the  following  section.  A detailed  discussion  of  the  quality  assurance 
procedures  and  laboratory  methods  to  be  used  is  provided  in  the  STARS  phase 
1 QAPP  (MSU  and  Schafer  and  Associates  1987a) , the  STARS  LAP  (MSU  and 
Schafer  and  Associates  1987b) , and  in  a CLP  analytical  request  document 
(MSU  1988)  which  has  been  submitted  to  CH2M  Hill. 

3.4  Task  4:  Preliminary  Field  Testing  of  Soil  Amendments 

The  purpose  of  interim  activities  before  field  implementation  of  the 
STARS  plots  is  to  facilitate  timely  completion  of  the  STARS  project. 

Early  results  from  the  column  studies  indicate  that  use  of  a combination 
of  quicklime  or  hydrated  lime  with  agricultural  lime  may  substan- 
tially increase  pH  and  reduce  metal  mobility.  Water  must  be  added  to 
facilitate  the  reaction  of  these  amendments  with  waste  materials.  The 
amount  of  water  to  be  added  is  uncertain.  The  ability  to  mix  amendments 
through  tillage  is  affected  by  the  physical  condition  of  wetted  amended 
soils.  The  physical  condition  of  wetted  soils  is  uncertain.  The  rate  of 
change  of  pH  after  amending  field  soils  is  also  unclear. 

On  four  of  the  six  soils  tested  in  phase  I STARS,  CaC03  (agricultural 
lime,  the  commonly  used  neutralizing  amendment  for  treating  acid  soils)  was 
less  effective  in  increasing  pH  and  in  reducing  metal  in  leachate  than 
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either  Ca(OH) 2 (hydrated  lime)  or  CaO  (quicklime).  Typical  results  are 
shewn  in  Table  3.3.  The  metal  release  for  tailings  type  1 without 
anamendment  (control)  was  reduced  substantially  through  use  of  either  CaC03 
or  Ca(OH)  2*  For  tailings  type  3,  CaC03  was  not  effective  in  reducing  metal 
levels  sufficiently  while  Ca(OH)  2 was  effective.  Initially,  the  reason  for 
the  better  efficiency  of  Ca(OH)  2 was  thought  to  be  the  higher  pH  achieved. 

It  was  also  recognized  that  this  elevated  pH  would  not  persist  in  the 
field  (Figure  3.3).  The  reactions  shewn  belcw  (equations  1-4)  happen  in 
the  field  so  that  after  a period  of  equilibration,  a Ca(OH)  2 amended  soil 
should  be  identical  chemically  to  a Ca003  amended  soil. 


Ca(QH)  2 

= Ca++  + 2 OH" 

(1) 

0H“  + 002 

= hco3~ 

(2) 

hoo3“  + or 

= oo3  + h2o 

(3) 

003“  + Ca++ 

= Ca003 

(4) 

Investigators  have  shewn  that  a soil  in  equilibrium  with  solid  Ca003 
and  atmospheric  levels  of  dissolved  002  should  have  a pH  of  8.3  to  8.5. 
Presence  of  sodium  will  elevate  this  to  near  9.3,  while  presence  of  more 


Table  3.3.  Preliminary  column  study  results  for  waste  type  1 and  wastetype 
T. 


Waste 

Type 

Amendment 

Saturation  pH 
(%) 

EC 

(mmhos/cm) 

Cu  Zn 

(mg/kg  soil 

As 

1 

Control 

29.6 

4.2 

1.36 

108. 

118. 

.0037 

CaC03 

31.0 

7.3 

2.30 

0.15 

0.48 

.0053 

Ca(OH)2 

40.5 

11.5 

1.56 

1.34 

0.02 

.062 

Ca(OH)2 

+ co2 

30.0 

7.0 

2.42 

0.52 

0.97 

.010 

T 

Control 

34.2 

4.4 

1.45 

798. 

2113. 

.037 

Ca003 

38.9 

6.7 

2.80 

18. 

1331. 

- 

Ca(«)2 

44.0 

12.0 

6.70 

1.3 

1.0 

.0059 

Ca(CH)  2 

+ co2 

47.4 

7.8 

2.11 

0.27 

0.31 

.026 
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soluble  sources  of  Ca  (gypsum)  may  lcwer  the  pH  to  7.5.  The  time  required 
for  the  elevated  pH  in  a Ca(OH)  2 amended  soil  to  drop  from  12  to  8 has  been 
reported  to  be  as  long  as  12  months  or  more  Figure  3.3. 

In  the  column  studies  OO2  gas  was  introduced  to  soil  slurries  to 
increase  the  reaction  rates  of  the  equations  shown  above.  When  Ca(OH) 2 
was  added  and  was  reacted  to  form  CaOC^,  the  reduction  in  metal  solubility 
was  equivalent  to  unreacted  Ca(QH)  2.  It  appears  that  there  is  an  advantage 
to  raising  the  pH  above  10  ( "over-neutralization" ) and  allowing  it  to 
drift  back  to  an  equilibrium  level  near  8.  The  formation  of  CaCC>3  in-situ 
may  scavenge  metals  out  of  the  system  by  co-precipitation.  Added  CaCC>3  may 
be  coated  by  iron  oxides  in  very  acid  soils  thus  limiting  reactivity.  The 
higher  solubility  of  Ca(OH)  2 may  alleviate  the  coating  phenomenon. 

Despite  specific  mechanisms,  column  studies  indicate  that  Ca(OH)  2 or  CaO 
must  be  added  to  achieve  over-neutralization  if  metal  levels  are  to  be 
reduced. 


In  this  task  Ca(OH)  2 or  CaO  will  be  added  to  provide  that  portion  of 
the  total  lime  requirement  needed  to  achieve  immediate  pH  control.  The 
remaining  long-term  lime  requirement  will  be  satisfied  by  an  addition  of 
CaC03 . Serial  application  of  Ca(QH)  2 or  CaO  in  combination  with  CaOC>3  may 
reduce  the  persistence  of  high  pH  levels  in  treated  soils.  The  effects  of 
various  lime  treatments  on  soluble  metal  levels  will  also  be  investigated. 

Soil  amendment  microplots  (1x2  meters)  will  be  installed  on  two 
sites  (tailings  type  1 and  3) , one  which  responded  well  to  CaC03  appli- 
cation and  one  which  did  not.  Treatments  will  include  a 1)  control,  2) 
CaC03,  3)  Ca(OH)  2,  4)  Ca003/Ca(0H)2  blend  1,  5)  CaCOyCa (OH)  2 blend  2,  6) 
CaO,  7)  Ca0/Ca003  blend  1,  7)  CaO/CaCO^  blend  2,  and  8)  one  other  amendment 
strategy  developed  in  the  column  investigations.  These  treatments  will  be 
incorporated  both  dry  and  wetted.  There  will  be  a total  of  32  microplots. 
There  will  no  replication  of  treatments.  The  soil  treatment  process  will 
be  recorded  on  video  to  assist  co-workers  involved  in  the  project  in 
adapting  these  preliminary  field  tests  to  full-scale  plot  implementation 
methods  using  heavy  equipment. 
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Preliminary  laboratory  tests  will  be  run  to  determine  the  quantity  of 
water  required  for  the  lime  materials  to  adequately  react  with  soil- 
material  to  cause  an  elevated  pH  response.  In  the  field,  amendments  will 
be  spread  by  hand  and  incorporated  dry  with  a rear-tine  garden  roto-tiller. 
Mixing  will  be  assessed  by  applying  phenyl thaline  solution  to  a crosssec- 
tion of  amended  soil.  High  pH  soil  zones  will  turn  pink.  The  wetted  plots 
will  have  water  added  from  a metered  source  of  water  brought  to  the  site  in 
a truck-bed  mounted  water  tank  with  punp. 


Figure  3.3.  Changes  in  pH  of  Ca(OH) 2 amended  clay  soils  (from  McElroy, 
Charles.  1982.  Effectiveness  of  dispersed  clay  treatments. 
Progress  Report.  Soil  Mechanics  Laboratory.  USDA.  South 
National  Technical  Center.  Ft.  Worth,  TX.  73p. 
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Measured  response  of  these  treatments  will  include  pH,  EC,  and  metal 
(Cu,  Zn,  As,  Mn,  Cd)  levels  measured  before  treatment,  immediately  after 
treatment  and  two  months  after  treatment. 
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4.0  SAMPLING  AND  MEASUREMENTS 


4.1  Quality  Assurance  Program  Overview 

Data  can  vary  in  quality  due  to  sanpling  methodology,  sample  prepara- 
tion, analytical  procedures,  laboratory  quality  control,  and  available 
documentation.  In  order  to  develop  a reliable  data  base  which  can  be  used 
for  development  of  remedial  alternatives  for  the  RI/FS,  standards  have  been 
developed  for  data  quality,  and  cha in-o f -custody  controls.  To  meet  this 
objective  a project  Quality  Assurance  Project  Plan  (QAPP) , (MSU  and 
Schafer  and  Associates  1987b)  for  the  STARS  project  has  been  prepared. 
Field  and  laboratory  methods  preposed  for  use  in  this  investigation  are 
described  in  the  STARS  LAP  (MSU  and  Schafer  and  Associates  1988a) . 
Analytical  procedures  were  developed  in  conformance  with  the  QAPP  (Table 
4.1) . 

Table  4.1.  QA/QC  cons iderat ions  for  the  Silver  Bow  Creek  RI/FS  Streambank 
Tailings  Revegetation  Study. 


1.  The  Document  Control  Officer  (DCO)  will  be  properly  trained  in  document 
control  and  personally  responsible  for  all  document  custody. 


2.  The  collection  of  specific  descriptive  or  semi-quantitative  data  will 
always  be  performed  by  the  same  person  (s) , as  specified  in  the 
appropriate  Standard  Operating  Procedure  (SOP) . 


3.  Any  deviations  from  SOP's  which  might  be  necessitated  by  field  condi- 
tions must  be  approved  by  the  D00  and  noted  in  the  logbook.  Any 
changes  will  be  communicated  to  the  CH2M  HILL  site  project  manager 
(SFM)  as  soon  as  possible. 


4.  Any  serially  numbered  documents  that  are  inadvertently  destroyed  must 
be  recorded  in  the  logbook.  Voided  forms  will  be  archived  and  returned 
to  CH2M  Hill  at  the  end  of  the  project. 

5.  Any  sampling  equipment  used  to  acquire  more  than  one  sample  unit  will 
be  cleaned  as  described  in  the  appropriate  SOP  to  prevent  cross -con- 
tamination. 


6.  QA/QC  samples  will  be  inserted  blind  at  a minimum  frequency  of  1 in  20 
into  the  sample  train. 
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Table  4.1.  Continued. 


7.  On-site  monitoring  data  collected  in  the  field  will  be  subjected  to 
rigorous  data  verification  steps.  Backup  field  instrumentation  and 
additional  SRMs  will  be  available  if  field  QC  checks  indicate  instru- 
ment or  other  analytical  problems.  Field  data  will  be  encoded  on 
customized  forms  with  sample  date,  time,  technician,  Inorganic  Traffic 
Report  (ITR) , and  EPA  tag  number  recorded. 


8.  All  sample  lots  will  have  a paperwork  audit  performed  before  being  sent 
to  the  CLP. 


4.2  Enforcement  Aspects 

The  Silver  Bow  Creek  RI/FS  study  area  is  a candidate  CERCIA  enforce- 
ment site.  As  such,  all  information  and  data  collected  during  the 
investigation  must  be  defensible  in  a court  of  law.  The  following  criteria 
will  be  met  to  obtain  defensible  data: 

* Strict  chain-of-custody  will  be  maintained  for  all  samples,  from 
the  time  of  collection  to  the  completion  of  all  analyses. 

* All  data  will  be  of  known  quality.  Field  blanks,  sample  dupli- 
cates, cross-contamination  blanks,  and  EPA  control  samples  will  be 
used  to  define  the  quality  of  data  (refer  to  the  STARS  QAPP  for 
full  details) . 

4.3  OA/QC  Objectives 

The  overall  quality  assurance  objective  for  measurement  data  is  to 
ensure  that  data  of  known  and  acceptable  quality  are  provided.  The  data 
will  be  of  the  quality  to  withstand  the  scrutiny  of  litigation.  In  order 
to  meet  these  objectives,  the  following  QA/QC  parameters  will  be  addressed 
for  data  measurements: 

Comparability 

Completeness 

Representativeness 

Accuracy 

Precision 
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Overall  precision  and  accuracy  targets  for  chemical  contaminant 
measurements  have  been  set  at  90  percent  confidence  with  a 10  percent 
deviation.  Comprehensive  implementation  procedures  for  precision  and 
accuracy  assurance  are  referenced  in  the  QAPP  (MSU  and  Schafer  and 
Associates  1987) . 

4.4  Quality  Control 

To  measure  the  precision  and  accuracy  of  laboratory  data  for  samples 
collected  the  following  field  quality  control  sample  protocols  have  been 
established: 

Table  4.2.  Generalized  QA/QC  steps  for  tailings  samples. 


1)  Replicate  samples  will  be  inserted  into  the  sample  train  at  a 
frequency  of  one  in  twenty  for  waste  samples.  Additional 
replicates  or  other  QA/QC  samples  will  be  used  to  provide  a 
statistically  defensible  QA/QC  data  set  for  all  sample  runs. 


2)  Cross  contamination  blanks  will  be  inserted  into  the  sample  train 
at  a frequency  of  one  in  twenty,  when  necessitated  by  sampling 
procedures. 


3)  Blind  standard  samples  will  be  inserted  into  the  sample  train  at  a 
frequency  of  one  in  twenty  where  standards  are  available. 


The  Standard  Operating  Procedure  for  insertion  of  QA/QC  samples  (SOP-6, 
Appendix  A)  addresses  the  methods  and  timing  of  QA/QC  samples  in  greater 
detail . 

Quantitative  on-site  measurements  including  soil  and  pH,  EC,  and  XRF 
metal  content  will  be  subjected  to  QA/QC  provisions  to  define  the  quality 
of  field  data.  The  follcwing  data  verification  steps  will  be  implemented 
for  field  measurements: 


19 


Table  4.3.  Generalized  QA/QC  steps  for  field  measurements. 


1)  Soil  pH,  EC  (1:10) , and  XRF  measurements  will  be  performed  in 
replicate  on  samples  splits  (1  in  20)  to  provide  a measure  of 
precision. 


2)  Instrument  calibration  with  known  standards  and  field  checking 
EPA  pH  and  EC  reference  materials  at  a frequency  of  1 in  20  will 
be  used  to  provide  a measure  of  data  accuracy.  Calibration  of 
the  XRF  instrument  will  be  accomplished  using  bulk  samples  that 
were  collected  and  analyzed  during  STARS  Phase  I.  These  mate- 
rials will  be  used  to  provide  a measure  of  field  accuracy  (fre- 
quency of  1 in  20  will  be  used  in  the  field) . 


3)  Other  on-site  data  collected  will  be  replicated  at  a frequency  of 
not  less  than  1 in  20  to  provide  a measure  of  precision.  Accu- 
racy estimates  will  be  based  on  methodology  cited  and  professional 
judgment  due  to  the  lack  of  available  standards  for  these 
measurements . 


4.5  Overview  of  Sampling  and  Monitoring 

A number  of  soil  samples  will  be  submitted  for  laboratory  analysis  as 
part  of  the  STARS  Field  Site  Selection  and  Sampling  activities.  These  will 
include  1)  waste  samples  analyzed  for  properties  used  for  design  of 
amendment  rates  including  pH,  EC,  particle  size  analysis,  sulfur  species 
(total,  S04-S,  sulfide-S,  residual  s,  neutralization  potential  and  SMP  lime 
requirement,  2)  samples  submitted  for  RAS  total  metal  (Al,  Sb,  As,  Ba,  Be, 
Cd,  Ca,  Cr,  Co,  Cu,  Fe,  Pb,  Mg,  Mn,  Hg,  Ni,  K,  Se,  Ag,  Na,  Tl,  V and  Zn) 
analysis  to  be  used  for  verification  of  XRF  data,  3)  samples  measured  for 
nutrient  (N,  P,  K,  B)  levels  to  determine  fertilizer  requirements,  and  4) 
archived  samples  representing  baseline  soil  chemical  conditions.  Samples 
will  be  collected  from  all  plots  from  0-6  inches,  from  6-18  inches  for  the 
mechanical  deep  incorporation  plots,  and  from  18  inches  to  the  base  of  the 
tailings  in  the  pressure  injection  plots.  The  approximate  number  of  natural 
and  QA/QC  samples  to  be  submitted  are  outlined  in  Table  4.4. 
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Table  4.4.  Summary  of  samples  to  be  submitted  to  a laboratory  frcm  the 
STARS  Field  Site  Selection  and  Sampling  activities. 


MATRIX 

SOURCE 

ANALYSES 

rVTTTPU 

SAMPLE  TYPES 
REPLICATES 

(in)  NATURAL  STANDARDS 

CROSS-CONT. 

BLANKS 

TOTAL 

Soil 

Plots 

[SAS:pH,EC,SMP]  0-6 

132 

0 

7 

0 

139 

[S  fractions 

r ] 6-18 

44 

0 

2 

0 

46 

[texture 

] 18-48 

20 

0 

1 

0 

21 

COVER-SOIL 

6 

0 

1 

0 

7 

213 

Soil 

Plots 

[RAS: total 

] 0-6 

24 

3 

3 

3 

39 

[metals 

] 6-18 

0 

0 

0 

0 

0 

18-24 

0 

0 

0 

0 

0 

COVER-SOIL 

0 

0 

0 

0 

0 

39 

Soil 

Plots 

[Plant 

] 0-6 

24 

0 

1 

0 

25 

[nutrient 

] 6-18 

24 

0 

1 

0 

25 

[ levels 

] 18-24 

20 

0 

1 

0 

21 

COVER-SOIL 

6 

0 

1 

0 

7 

78 

Soil 

Plots 

[Archived 

] 0-6 

132 

0 

7 

0 

139 

[ (not  analyzed]  6-18 

44 

0 

2 

0 

46 

[at  this  time) ] 18-24 

20 

0 

1 

0 

21 

COVER-SOIL 

6 

0 

1 

0 

7 

213 

Samples  will  be  collected  from  the  microplots  described  in  task  4 
before  treatment,  after  treatment,  and  two  months  after  treatment.  Samples 
will  be  analyzed  for  pH,  EC,  and  soluble  levels  of  Cu,  Zn,  As,  Cd  and  Mn. 
There  will  be  32  microplots  sampled  three  times  each  resulting  in  96 
natural  samples.  An  additional  five  QA/QC  samples  will  also  be  analyzed. 
CUe  to  the  short  timeframe  for  this  task,  analyses  will  be  performed  at  MSU 
to  provide  rapid  turnaround  time  on  analytical  results.  Analytical  methods 
are  outlined  in  the  STARS  LAP  (MSU  and  Schafer  and  Associates,  1987) . 
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4.6  Equipment 

The  necessary  field  equipment,  supplies  and  safety  equipment  required 
to  carry  out  the  Silver  Bow  Creek  TSOP  study  are  presented  in  Table  4.5. 

Table  4.5.  Monitoring,  sampling  and  safety  equipment  list  for  the  Silver 
Bow  Creek  STARS  investigation. 


CH2M  HILL 


MSU,  SCHAFER  AND  ASSOCIATES 


700  ICHEM  Jars  - 8 ounce 
EPA  Sample  Tags  - 80 
SAS  Packing  Lists  - 40 
Custody  Seals  - 3 boxes 
Chain  of  Custody  Records  - 40 
Federal  Express  Air  Bills  - 40 

"Fragile"  and  "This  Side  Up" 
Labels 

ITR  forms  - 20 


XRF  unit  rental 
(2)  pH  Meter  and  Electrode 
pH  2,  4,  7 and  10  Buffer  Standards 
(2)  Conductivity  Meter  and  Probe 
Conductivity  Standards 
EPA  standards  pH  and  SC 
1000  ml  Poly  Beakers  - 6 
200  ml  Poly  Beakers  - 6 
disposable  styrofoam  cups  for 
pH  and  SC  measurement 
NBS  River  sediment  standard  (BFS) 
Squirt  Bottles 
Kirnwipes 
Meter  Tape 
Bucket  Auger 
Oakfield  Probe 
Shovels 

Hydraulic  Probe 

Flags 

Stakes 

Beam  balance 

plastic  sampling  equipment 
Hand  Trowel 

Plastic  Ground  Sheeting 
Custom  Field  Report  Forms 
Clear  Tape  for  Cooler  Labels 
Container  for  Kirnwipes  in  the 
Field  - 2 

Masking  Tape  (to  label  jars) 

- 2 rolls 

Duct  Tape  (for  inside  coolers) 

- 5 rolls 

Distilled  Water  (for  decontam- 
ination) - 40  gallons/field 
collection 

Thermometer  (outdoor)  - 1 (NBS 
traceable) 

Munsell  soil  color  book 
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Table  4.5.  Continued . 


CH2M  HILL 

SCHAFER  AND  ASSOCIATES 

1 Inch  Foam  Rubber  - 4 foot/cooler 
Dog  Book  (3  ring  binder)  - 1 
Log  Book  (bound) 

Site  Map 

Portable  Water  Jug  (2  gal.) 

Paper  Drinking  Cups 
Cotton  Coveralls  - 6 
10  rubber  gloves 

100  plastic  booties  (disposable) 

100  garbage  bags  (disposal) 
Respirators  (dust  cartridges) 

Field  health  and  safety  manuals 

Cotton  Gloves  - 15  pair 

Hard  Hats  - 6 

Safety  Glasses  - 6 pair 

Boots  (steel  shank  and  toe)  - 4 pair 

First  Aid  Kit 

Eye  Wash  Kit 

Fire  Extinguisher 

Stretcher 

Clothes  Brush 

Plastic  Pails  (for  decontamination) 
Plastic  Water  Container 
Hand  Soap 
Paper  Tcwels 

Sharpies  and  Ball  Point  Pens 
35  ram  Camera 
Color  Print  Film 

Plastic  Ground  Sheeting  to  set  up 
Decontamination  if  necessary 
Funnel  for  Decontamination  Water 
Wind  Indicator  Flag  (surveying  tape) 
Para film 
Handiwipes 
Survey  Equipment 

4.7  Health  and  Safety 

Health  and  safety  plans  have  been  developed  for  the  Silver  Bow  Creek 
site  by  Schafer  and  Associates  and  MSU.  Personnel  to  work  on-site  during 
sample  collection  will  have  received  an  EPA  40  hour  health  and  safety 
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training  course  for  hazardous  waste  site  workers  which  meets  OSHA  training 
standards.  An  8-  hour  refresher  course  has  been  attended  by  all  personnel. 
New  site  workers  will  be  accompanied  by  a trained  worker  for  their  first  24 
hours  on-site.  In  addition,  a medical  monitoring  plan  will  be  in  effect 
for  all  workers  in  accordance  with  OSHA  requirements. 
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5.0  SCHEDULE 


The  schedule  for  implementation  of  the  STARS  Field  Site  Selection  and 
Sampling  activities  is  shown  in  Figure  5.1.  Timely  initiation  and 
completion  of  these  activities  are  essential  to  maintain  the  overall  STARS 
project  schedule. 


ACTIVITY 


STARS-PHASE  I 


Rivitv  Tai  1 ings/Aaendaent  Data 
Coluan  Studies 

Identification  of  Aaendnents  t Rates  - Tech,  lieao* 
Greenhouse  Studies 

Identification  of  Plant  Species  - Tech,  neao* 

STARS-TRAMS IT I OM 

Task  Order-Technical  Meaorandua 
Task  Order  Approval 
Prepare  Technical  Meaorandua 
CLP  SAS  Request 
Agency  Review 

Final  Technical  Meaorandua 

Site  Saapling 

Laboratory  Analysis  (CLP) 

Data  Evaluation 
Data  Validation 

Identification  of  Subplot  Locations  - Tech.  Meao 
STARS-PHASE  II 

Task  Order-work  Plan  t Field  Docuaents 
Task  Order  Approval 
Prepare  work  Plan  s Field  Doeuawnts 
Agency  Review 

Final  Work  Plan  s Field  Docuaents 

Task  Order-Field  Plot  Construction 
Task  Order  Approval 
Plot  Construction 
Plot  Equilibration 
Seed  Bed  Preparation 
Seeding 

1st  Year  Monitoring  (1989) 


* Technical  aenorandua  deliverable 


Figure  5.1  STARS  Field  Site  Selection  and  Sampling  schedule. 
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6.0  DELIVERABLES 


Deliverables 

Deliverables  for  the  project  will  include  this  technical  memorandum  to 
provide  guidance  for  the  project  tasks.  A final  draft  of  this  deliverable 
will  be  produced  including  responses  to  review  comments.  A data  report  and 
data  validation  report  will  be  assembled  with  all  field  measurements  and 
laboratory  data  included.  Site  maps  will  be  included  in  the  data  report. 
A discussion  of  the  results  and  interpretation  of  results  from  these  tasks 
will  be  included  in  the  STARS  phase  2 draft  and  final  reports. 
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7.0  HRQJBCT  FERSCHNEL 


Personnel  and  their  associated  responsibilities  proposed  for  this 
project  include  the  following: 

Field  Supervisors : D.J.  Dollhopf  and  W.M.  Schafer 

Team  Leader  : M.  Johnson 

Document  Control  Officer:  M.  Gitt 

Safety  Officer:  M.  Gitt  (MSU) , W.  M.  Schafer  (Schafer  & Assoc.) 
Monitoring  and  Sampling:  Troy  Smith,  J.  Goering,  R.  Rennick,  M.  Gitt, 
additional  technicians 


Field  Supervisors  - responsible  for  all  phases  of  study  including  collec- 
tion and  procurement  of  equipment  and  supplies,  collection  of  tailings 
samples,  data  collection,  sample  preservation,  custody  , and  shipping,  and 
collection  of  notes  and  records. 

Team  Leader  - responsible  for  routine  field  sample  collection,  and 
collection  of  monitoring  data  under  supervision  of  Field  Supervisor, 
directs  technicians. 

Document  Control  Officer  - responsibilities  are  to  1)  ensure  that  data  and 
documents  are  released  and  distributed  in  accordance  with  EPA  requirements, 
and  2)  ensure  custody  of  data  and  documents  including  prevention  of 
unauthorized  reproduction  or  alteration  of  records. 

Safety  Officers  - responsible  for  assuring  that  provisions  in  the  project 
Health  and  Safety  Plans  are  followed.  Includes  project  team  briefings,  and 
supervising  adherence  to  plan. 

Monitoring  and  Sampling  - responsible  for  implementation,  monitoring,  and 
sampling  under  direction  of  supervisor  and  team  leader. 


27 


8.0  tnSKATORE  CITED 


Barth,  R.C.  and  B.K.  Martin.  1981.  Reclamation  of  Phytotoxic  Tailings. 
Colorado  School  of  Mine  Research  Institute,  00. 

EPA.  1983.  Methods  for  Chemical  Analysis  of  Water  and  Wastes.  EPA 
600/4-79-  020. 

MSU.  1988.  Special  Analytical  Services  (SAS)  CLP  Request  for  analyzed 
tailings  from  selected  subject  locations.  28  April  1988. 

MSU  and  Schafer  and  Associates.  1987a.  Draft  Laboratory  Analytical 
Protocol.  Streambank  Tailings  and  Revegetation  Studies.  Silver  Bcw 
Creek  RI/FS.  Submitted  to  EPA  Region  VIII.  Doc.  No. 
SBC-STARS-LAP-D-RO-090787 . 

MSU  and  Schafer  and  Associates.  1987b.  Draft  Quality  Assurance  Project 

Plan.  Streambank  Tailings  and  Revegetation  Studies.  Silver  Bow  Creek 
RI/FS.  Submitted  to  EPA  Region  VIII.  Doc.  No. 
SBC-STARS-QAPP-D-RO-090787 

SCS  (Soil  Conservation  Service) . 1975.  Soil  Taxonomy.  U.S.  Government 
Printing  Office,  Washington  DC. 

Snedecor,  G.W.  and  W.G.  Cochran.  1978.  Statistical  Methods.  6th  edition. 
Iowa  State  University  Press,  Iowa. 


28 


APPENDIX  A 


STREAMBANK  TAILINGS  AND  REVEGETATIQN  STUDY 
STANDARD  OPERATING  PROCEDURES 


SOP  1:  SAMPLE  pH 
SOP  2:  SAMPLE  EC 
SOP  3:  SOIL  HAND  TEXTURE 
SOP  4:  SOIL  SAMPLE  COLLECTION 
SOP  5:  SOIL  DESCRIPTION 
SOP  6:  QA/QC  SAMPLES  AND  DOCUMENTATION 
SOP  7:  PRESERVING  AND  SHIPPING  SAMPLES 
SOP  8:  XRF  CALIERATION/OPERATION 
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SOP  1 

SAMPLE  EH  MEASUREMENT 


Summary  of  Method 

The  pH  of  each  sample  will  be  determined  electrochemical ly,  using  a 
glass  combination  electrode  and  a portable  field  pH  meter  with  temperature 
compensation . 

Sample  Handling 

Soil  samples  will  be  placed  in  styrofoam  cups  and  a made  into  a 
saturation  paste.  Paste  pH  will  be  determined  approximately  30  seconds 
after  placing  the  pH  electrode  and  thermistor  in  the  soil  paste.  The 
measured  value  will  be  recorded  on  custom  data  forms  (Appendix  B) . If 
leachate  quantity  is  sufficient  (>15  ml) , a subsample  will  be  placed  in  a 
plastic  vial  and  pH  measured  directly.  A form  for  recording  data  for 
leachates  recovered  from  the  TEMPE  cells  is  included  in  Appendix  B. 

Interferences 

The  glass  electrode  is  generally  not  subject  to  solution  interferences 
from  color,  turbidity,  colloidal  matter,  oxidants,  reductants  or  high 
salinity.  Sodium  error  at  pH  levels  greater  than  10  can  be  reduced  or 
eliminated  by  using  a "lew  sodium  error"  electrode.  Coatings  of  oily  or 
particulate  matter  can  impair  electrode  response,  but  can  be  removed  by 
gentle  wiping  or  detergent  washing,  followed  by  distilled  water  rinsing. 
An  additional  treatment  with  hydrochloric  acid  (1:9)  may  be  used  to  remove 
any  remaining  film.  Interferences  with  pH  measurements  caused  by  tempera- 
ture will  be  compensated  for  by  use  of  an  automatic  temperature-compensated 
field  pH  meter. 

Apparatus 

A portable  Cole-Parmer  (research  grade)  field  pH  meter  with  integral 
thermistor  will  be  used.  A combination  glass  electrode  will  be  used. 


■«* 


Calibrations 


The  instrument/elecrtrode  system  will  be  calibrated  at  two  points  that 
bracket  the  expected  pH  of  the  samples  and  are  approximate  1 y three  pH  units 
or  more  apart.  Buffers  at  pH  4,7  and  10  will  be  available.  The  pH  meter 
will  also  be  adjusted  for  the  temperature  of  the  buffer  solution. 
Calibration  can  be  set  in  a EPROM  chip  in  the  field  pH  meter  and  will  be 
checked  daily  for  accuracy  against  pH  buffer  solutions.  Results  of 
calibration  checks  will  be  recorded  on  the  same  forms  with  measured  pH  of 
natural  samples.  Automatic  temperature  calibration  will  be  tested  daily  to 
assure  proper  function.  This  calibration  will  be  documented. 

Standards 

Primary  EPA  pH  standards  will  be  used  for  an  additional  QA/QC  accuracy 
check  at  a frequency  of  one  in  20  measurements.  Standard  samples  will  be 
prepared  in  accordance  with  EPA  methodology. 

Procedure 

1.  Standardize  the  meter  and  electrode  system  according  to  manu- 
facturers recommendations. 

2.  Place  the  buffer  solution  into  a clean  glass  beaker  using 
sufficient  volume  to  cover  the  sensing  elements  of  the  electrode. 

3.  Temperature  of  the  solution  will  be  recorded  on  the  field  sheets 
to  provide  a cross-check  for  anamolous  data. 

4.  After  rinsing  and  gently  wiping  the  electrode,  if  necessary,  it 
will  be  immersed  into  the  sample  beaker  and  gently  agitated  at  a 
constant  rate  to  homogenize  the  liquid  sample  or  soil  suspension. 

A slew  stirring  rate  will  minimize  the  air  transfer  at  the 
air/water  interface.  Note  and  record  pH  and  temperature. 


The  EPA  standard  method  (150.1)  for  measurement  of  pH  in  water  is  attached. 


Calculation 


pH  meters  read  directly  in  pH  units.  pH  will  be  recorded  to  the 
nearest  0.1  unit. 

Precision  and  Accuracy 

Precision  of  water  and  soil  pH  measurements  will  be  based  on  readings 
of  sample  splits.  Accuracy  will  be  based  on  calibration  checks  and  values 
for  blind  field  standards  (EPA  primary  standards) . 


SOP  2 


SAMPLE  EC  MEASUREMENT 


Summary  of  Method 

Soil  and  leachate  submitted  for  laboratory  determination  will  have 
Electrical  Conductance  (EC)  measured.  The  EC  of  a 1 to  10  soil  to  water 
suspension  will  be  performed  on  soil  samples  where  field  measurements  of  EC 
are  needed  for  sample  location  screening. 

Electrical  Conductivity  will  be  measured  using  a self-contained 
portable  conductivity  meter  (Col e-Parmer  type) . Temperature  corrections 
will  be  made  for  solutions  where  the  temperature  is  not  25°.  Electrical 
conductivity  will  be  reported  at  25°. 

Ccmments 

The  instrument  will  be  standardized  with  KCL  solution  before  daily 
use.  Conductivity  cell  will  be  kept  clean.  Temperature  variations  and 
corrections  generally  represent  the  largest  source  of  error. 

Sample  Handling  and  Preservation 

Each  soil  sample  will  be  prepared  in  styrofoam  cups  using  a known 
volume  measure  scoop  and  a measured  volume  of  water  to  yield  a 1 to  10  soil 
solution  ratio.  The  sample  will  be  stirred  and  sediment  allowed  to  settle. 
Specific  conductance  will  be  measured  in  the  supernatant  immediately 
following  each  pH  measurement.  The  EC  of  leachate  samples  will  be  measured 
directly  on  a subsample  if  sample  volume  is  sufficient  (>12  ml) . 

Apparatus 

Conductivity  meter;  range  1 to  10000  umhos  per  centimeter. 

Conductivity  cell;  cell  constant  1.0  or  micro-dipping  type  cell  with 
1.0  constant.  YSIH3Y03  or  equivalent. 


Thermometer. 


Reagents 

Standard  potassium  chloride  solution,  0.01  M. 

Cell  Calibration 

The  analyst  will  calibrate  the  EC  meter  following  manufacturers 
directions.  Temperature  compensation  will  be  provided  for  solutions 
deviating  from  25  degrees  (C) . This  calibration  will  be  performed  daily  to 
ensure  proper  temperature  calibration.  Calibration  checks  of  the  instru- 
ment with  several  KC1  reference  solutions  at  different  concentrations  and 
with  EPA  standards  will  be  recorded  on  data  sheets  with  natural  sample  EC 
measurements. 

Procedure 

1.  Follow  manufacturer's  directions  for  the  operation  of  the  instru- 
ment. 

2.  Determine  temperature  of  sample  within  0.5°C.  Set  the  solution 
temperature  on  the  EC  meter  to  convert  to  25°C: 

3.  Record  measured  values  of  EC  in  umhos/cm  at  25°C,  onto  custom 
forms  (Appendix  B) . 

The  EPA  standard  method  (120.1)  for  measurements  of  EC  in  water  is 
attached. 

Precision  and  Accuracy 

Precision  of  water  and  soil  EC  measurements  will  be  based  on  readings 
of  sample  splits.  Accuracy  will  be  based  on  calibration  checks  and  values 
for  blind  field  standards  (EPA  primary  standards) . 


CONDUCTANCE 


Method  120.1  (Specific  Conductance,  umhos  at  25*0 

STORET  NO.  00095 

' 


1 . Scope  ami  Applic  ation 

1 . 1 This  method  is  applicable  to  drinking,  surface,  and  saline  wates,  domestic  and  indus- 
trial wastes  and  acid  rain  (atmospheric  deposition). 

2.  Summary  of  Method 

2. 1 The  specific  conductance  of  a sample  is  measured  by  use  of  a self-contained  conductivity 
meter,  Wheatstone  bridge-type,  or  equivalent. 

2.2  Samples  are  preferable  analyzed  at  25°C.  If  not,  temprature  corrections  aremade  and 
results  reported  at  25°C. 

3.  Comments 

3.1  Instrument  must  be  standardized  with  KC1  solution  before  daily  use. 

3.2  Conductivity  cell  must  be  kept  clean. 

3.3  Field  measurements  with  comparable  instruments  are  reliable. 

3.4  Temperature  variations  and  corrections  represent  the  largest  source  of  potential  error. 

4.  Sample  Handling  and  Preservation 

4.1  Analyses  can  be  performed  either  in  the  field  or  laboratory. 

4.2  If  analysis  is  not  completed  within  24  hours  of  sample  collection,  sample  should  be 
filtered  through  a 0.45  micron  filler  and  stored  at  4°C.  Filter  and  apparatus  must  be 
washed  with  high  quality  distilled  water  and  pre-rinsed  with  sample  before  use. 

5.  Apparatus 

5.1  Conductivity  bridge,  range  1 to  1000  //mho  per  centimeter. 

5.2  Conductivity  cell,  cell  constant  1.0  or  micro  dipping  type  cell  with  1 .0  constant.  YSI 
#3403  or  equivalent. 

5.4  Thermometer 

6.  Reagents 

6. 1 Standard  potassium  chloride  solutions,  0.01  M:  Dissolve  0.7456  gm  of  pre-dried  (2  hour 
at  105°C)  KC1  in  distilled  water  and  dilute  to  1 liter  at  25°C. 

7.  Cell  Calibration 

7.1  The  analyst  should  use  the  standard  potassium  chloride  solution  (6.1)  and  the  table 
below  to  check  the  accuracy  of  the  cell  constant  and  conductivity  bridge. 


Approved  for  NPDES 
Issued  1971 

Editorial  revision,  1982 


120.1-1 


Conductivity  0.01  in  KCI 
°C 


Micromhos/cm 


21 

1305 

22 

1332 

23 

1359 

21 

1386 

25 

1113 

26 

I 1111 

27 

/ 1168 

28 

1196 

H.  Procedure 

H.l  Follow  the  direction  of  the  manufacturer  for  the  operation  of  the  instrument. 

8.2  Allow  samples  to  come  to  room  temperature  (23  to  27°C),  if  possible. 

H.3  Determine  the  temperaunc  of  samples  within  0.5°C.  If  the  temperature  of  the  samples 
is  not  25°C,  make  temperature  correction  in  accordance  with  the  instruction  in  Section 
9 to  < onvert  reading  to  25°. 

U.  Calculation 

9.1  These  temperature  corrections  are  based  on  the  standard  KCI  solution. 

9.1.1  If  the  temj>eraiureof  the  sample  is  below  25°C,  add  2%  of  the  reading  per  degree. 

9.1.2  If  the  tem|H‘rature  is  above  25°C,  subtract  2%  of  the  reading  |*r  degree. 

9.2  Report  results  as  Sj>ccific  Conductance,  /mihos/cm  at  25°. 

10.  Precision  and  Accuracy 

10.1  Forty-one  analysts  in  17  laboratories  analyzed  six  synthetic  water  samples  containing 
increments  of  inorganic  salts,  with  the  following  results: 


Increment  as  Precision  as  Accuracy  as 


Specific  Conductance 

Standard  Deviation 

Bias, 

Bias, 

% 

umhos/cm 

100 

7.55 

-2.02 

-2.0 

106 

8.14 

-0.76 

-0  8 

808 

66.1 

-3.63 

-29.3 

848 

79.6 

-4  54 

-38.5 

1640 

106 

-5  36 

-87.9 

1710 

119 

-5.08 

-86.9 

(FWPCA  Method  Study  1.  Mineral  and  Physical  Analyses.) 


10.2  In  a single  laboratory  (EMSL)  using  surface  water  samples  with  an  average 
conductivity  of  536  /jmhos/cm  at  25°C,  the  standard  deviation  was  ±6. 
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SOP  3 

FIELD  SOIL  TEXIURE  (HAND  TEXTURE) 


Soil  texture  is  thought  to  be  an  important  parameter  influencing  the 
chemistry,  hydraulic  properties,  and  remedial  design  for  streambank  waste 
deposits.  Estimation  of  soil  texture  class  is  a component  of  soil  horizon 
descriptions.  Therefore,  estimates  of  soil  texture  will  need  to  be  made  in 
the  field. 


Soil  texture  class  is  determined  by  measuring  or  estimating  the  amount 
of  sand  ( . 05  to  2 mm  size  fraction) , silt  ( . 002  to  . 05  mm  size  fraction) , 
and  clay  (less  than  .002  mm  size  fraction)  in  a soil  sairple.  The  relative 
amounts  of  each  particle  size  are  used  to  place  the  soil  on  a tri linear 
diagram  (belcw)  which  is  broken  into  texture  classes. 
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The  method  for  determining  soil  texture  by  estimation  is  known  as  "hand 
texturing”  or  the  "feel  method”.  A description  of  this  method  is  shown  below 
All  hand  textures  should  be  performed  by  personnel  exDerienced  in  this  method 
Precision  and  accuracy  will  be  provided  by  professional  judgement. 
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DETERMINING  SOIL  TEXTURE  BY  THE  ’FEEL  METHOO' 
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SOP  4 

SOIL  SAMPLE  OOIIECrrCN 


Soil  samples  will  be  collected  using  various  coring  devices  as 
described  in  the  technical  memorandum.  Samples  will  be  collected  from 
various  depth  intervals  corresponding  to  the  depth  of  incorporation 
anticipated  for  eachplot  sampled.  Each  sample  collected  will  be  deposited 
directly  into  a plastic  tub  by  scraping  with  a plastic  trowel  or  dumping 
from  the  coring  tool.  The  sample  will  then  be  mixed  and  any  clods  will  be 
broken  up. 

Samples  will  be  split  by  mixing  and  dividing  on  a canvas  sheet  or  by 
use  of  a mechanical  sample  splitter.  A subsample  will  be  set  aside  for  XRF 
determination  where  appropriate.  Sample  splits  for  CLP  submission  or  for 
use  as  a replicate  will  also  be  obtained  as  described  above.  A small 
amount  of  soil  will  be  placed  into  two  styrofoam  cups  for  pH  and  SC 
determination.  The  sample  will  then  be  transferred  to  a 16  ounce  ICHEM 
jar. 


Between  sample  collection,  all  equipment  will  be  cleaned  thoroughly 
with  a stiff  brush  and  rinsed  with  distilled  water  and  paper  towels.  The 
kimwipe  blank  will  be  prepared  by  wiping  the  sampling  device  and  placing 
the  kimwipe  in  a sample  container. 


SOP  5 

SOIL  JCREHOIOGY  AND  SITE  EESCRIPITCN  METHOD 

A description  of  each  soil  sample  location  will  be  developed.  The 
description  will  consist  of  a generalized  description  of  the  site  as  well 
as  a description  of  the  morphological  features  of  each  soil  horizon. 

The  site  description  will  include  an  assessment  of  a number  of 
generalized  features  including  sample  location,  soil  classification,  site 
number,  number  of  horizons  described,  soil  parent  material,  land  cover 
type,  dominant  and  co-dcminant  species,  approximate  canopy  cover  and 
percent  bare  ground,  land  use,  soil  drainage  class  and  permeability, 
evidence  of  erosion,  slope,  aspect,  landscape  position,  landform,  proximity 
to  the  Silver  Bow  Creek  channel,  depth  of  tailings  and  depth  to  ground 
water  (if  present) . Features  described  will  be  encoded  on  field  forms 
developed  for  this  purpose.  The  forms  are  used  to  input  data  into  the 
PEDFORM  system,  a proprietary  database  system  developed  for  use  with  Dbase 
III+  so  that  soil  morphology  data  can  be  readily  linked  to  laboratory 
chemical  and  physical  data.  Numerical  codes  used  in  PEDFORM  are  attached. 
Transformation  to  the  Geographic  Information  System  (GIS) , being  developed 
by  MDHES,  will  be  developed  when  format  is  available. 

Soil  morphological  features  will  be  described  for  individual  horizons 
described  in  each  soil  excavation.  Horizon  depths  will  conform  to  sampling 
depths  for  ease  in  interpretation.  Horizons  will  be  differentiated  using 
professional  judgment  based  on  discernible  differences  in  soil  characteris- 
tics such  as  parent  material,  texture,  color,  structure,  consistence,  or 
other  features.  For  each  horizon,  the  following  features  will  be  de- 
scribed: depth,  texture,  moist  and  dry  color  (hue,  value,  and  chroma  using 
Munsell  color  notation) , texture  (SOP-3) , structure,  consistence,  roots, 
pores,  effervescence  in  HC1,  and  boundary  distinctness  and  shape.  Horizon 
descriptions  and  horizon  names  will  be  developed  in  accordance  with 
procedures  established  by  the  National  Cooperative  Soil  Survey  (SCS  staff, 
1975) . 


Table  A-l.  Index  for  parent  material,  vegetation,  and  land  use  codes 
in  the  PEDFORM  system. 


Code 

Parent  Material 

Code 

Vegetation 

Code 

Land  Use 

01 

volcanic  ash 

01 

mixed  coniferous 

01 

commercial  forest 

02 

loess 

02 

ponderosa  pine 

02 

non-comm.  forest 

03 

glacial  outvash 

03 

lodgepole  pine 

03 

forest 

04 

glacial  till 

04 

spruce-fir 

04 

range 

05 

lacustrine 

05 

larch-fir 

05 

dryland  crop 

06 

peat 

06 

Douglas-fir 

06 

irrigated  crop 

07 

muck 

07 

mixed  deciduous 

07 

irrigated  hay 

08 

residual  sandst. 

08 

cottonwood 

08 

dryland  hay 

09 

residual  shale 

09 

aspen 

09 

pasture 

10 

residual  siltst. 

10 

trees 

10 

residential 

11 

residual  limest. 

11 

dryland  crop 

11 

urban 

12 

resid.  crystalline 

12 

irrig.  field  crop 

12 

disturbed  land 

13 

mixed  alluvium 

13 

row  crops 

13 

strip  mine 

14 

alluvial 

14 

horticultural  crop 

14 

mill  tailings 

15 

colluvial 

15 

riparian 

15 

mine  dump 

16 

solif lucate 

16 

mixed  shortgrass 

16 

wildland 

17 

sandst.  alluvium 

17 

mixed  midgrass 

17 

landfill 

18 

shale  alluvium 

18 

shrubs  & grasses 

19 

siltst.  alluvium 

19 

halophytic 

20 

crystalline  alluv. 

20 

sedges  & rushes 

21 

limestone  alluv. 

21 

perennial  forage 

22 

tailings 

22 

tame  pasture 

Table  A-2.  Index  for  codes  for  drainage,  permeability,  erosion, 

landscape,  position,  and  landform  type  in  the  PEDFORM  system. 


Code  Drainage  Code  Permeabililty  Code  Erosion 


01 

very  poor 

01 

very  slow 

01 

none 

02 

poor 

02 

slow 

02 

slight 

03 

poor  to  moderate 

03 

slow  to  medium 

03 

moderate 

04 

moderate 

04 

medium 

04 

severe 

05 

well 

05 

medium  to  rapid 

05 

slight-wind 

06 

well  to  excessive 

06 

rapid 

06 

moderate-wind 

07 

excessive 

07 

very  rapid 

07 

severe-wind 

08 

altered,  drained 

09  altered,  wetted 


Table  A-3.  Index  for  landscape  position  and  landform  codes  in  the 
PEDFORM  SYSTEM. 


Code 

Landscape  Position 

Code 

Landform 

01 

crest 

01 

sedimentary  upland 

02 

ridge 

02 

mountains 

03 

upper  midslope 

03 

playa 

04 

midslope 

04 

alluvial  fan 

05 

lower  midslope 

05 

sand  dune 

06 

footslope 

06 

glacial  outwash 

07 

level  slope 

07 

ground  morraine 

08 

alpine  till 

09 

terrace 

• 

10  floodplain 

11  plateau 

12  solifluction  lobe 

13  patterned  ground 

14  backsvamp 

15  landslide 

16  badlands 

17  disturbed  land 
talus 


18 


Table  A-4.  Index  for  texture  codes  in  the  PEDFORM  system. 


Code 

Symbol 

Texture 

Code 

Symbol 

Texture 

USDA  TEXTURE  --- 

FAMILY  TEXTURE  --- 

01 

s 

sand 

20 

sndy 

sandy 

02 

Is 

loamy  sand 

21 

colo 

coarse  loamy 

03 

If  s 

loamy  fine  sand 

22 

cosi 

coarse  silty 

04 

lvf  s 

loamy  very  fine 

s . 23 

filo 

fine  loamy 

05 

si 

sandy  loam 

24 

f isi 

fine  silty 

06 

fsl 

fine  sandy  loam 

25 

fine 

fine 

07 

vf  si 

v.  fine  sandy  loam26 

vf 

very  fine 

08 

1 

loam 

27 

sskl 

sandy  skeletal 

09 

sil 

silt  loam 

28 

lskl 

loamy  skeletal 

10 

scl 

sandy  clay  loam 

29 

cskl 

clayey  skeletal 

11 

cl 

clay  loam 

30 

frag 

fragmental 

12 

sicl 

silty  clay  loam 

31 

ashy 

ashy 

13 

sc 

sandy  clay 

32 

mdl 

medial 

14 

c 

clay 

33 

hstc 

histic 

15 

sic 

silty  clay 

34 

fbrc 

f ibric 

16 

cos 

coarse  sand 

17 

f s 

fine  sand 

18 

vf  s 

very  fine  sand 

19 

si 

silt 

Table  A-5  . Index  for  structure  grade,  size,  and  kind  used  in  the 
PEDFORM  system. 


Code 

Structure  grade 

Code 

Structure  kind 

01 

massive 

01 

massive 

02 

weak: peds  barely  observable  in  place 

02 

platy 

and  when  disturbed  peds  remain 

03 

granular 

03 

weak  to  moderate 

04 

subangular  blocky 

04 

moderate:  peds  easily  observable 

05 

angular  blocky 

and  when  disturbed  most  of  material 

06 

prismatic 

consists  of  peds. 

07 

columnar 

05 

moderate  to  strong 

08 

wedge 

06 

strong:  peds  distinctly  visible, 

when  disturbed  entire  soil  mass  is 

aggregated 

Code 

Size  Class  Diameter  Thickness 

Diameter  Diameter 

of  granules  of  plates 

of  1 

blocks  of  prisms 

( mm 

) - 

01 

very  fine 

<1 

02 

fine 

1-2 

03 

medium 

2-5 

04 

coarse 

5-10 

05 

very  coarse 

>10 

<1 

<5 

<10 

1-2 

5-10 

10-20 

2-5 

10-20 

20-50 

5-10 

20-50 

50-100 

>10 

>50 

>100 

Table  A-6  . Index  for  soil  consistence  in  the  PEDFORM  system. 


Code 

Dry  consistence 

Code 

Moist  consistence 

01 

loose 

01 

loose 

02 

soft:  easily  crushes  to 

02 

very  friable:  crushes  under 

powder 

gentle  pressure 

03 

slightly  hard:  easily 

03 

friable:  crushes  easily  under 

broken  between  thumb  and 

moderate  pressure  be tween "THUMB 

finger 

and  finger 

04 

hard: easily  broken  in  hand 

04 

firm:  crushes  under  moderate 

05 

very  hard:  broken  in  hands 

pressure  between  thumb  and  finger 

with  difficulty 

05 

very  firm:  barely  crushable 

06 

extremely  hard:  cannot  be 

between  thumb  and  finger 

broken  in  hands 

06 

extremely  firm:  crushes  under 

07 

indurated 

strong  pressure  in  hand 

07 

indurated 

Code 

Wet  stickiness 

Code 

Wet  plasticity 

01 

nonsticky:  no  adherence 

01 

nonplastic:  no  wire  formed 

02 

slightly  sticky:  adheres  to 

02 

slightly  plastic:  wire  forms 

thumb  and  finger  but  comes 

but  easily  deformed 

off  one  cleanly 

03 

plastic:  wire  forms,  moderate 

03 

sticky:  soil  adheres  and 

pressure  required  to  deform 

stretches  before  pulling 

04 

very  plastic:  wire  forms,  much 

apart 

pressure  required  to  deform 

very  sticky:  soil  adheres 
to  both  fingers 


04 


Table  A-7.  Index  for  root  abundance,  size,  and  location  in  the 


PEDFORM  system. 


Code 

Size 

Code 

Location 

01 

none 

01 

none 

02 

very  fine  (0.1-lmm) 

02 

throughout  horizon 

03 

fine  and  very  fine 

03 

between  peds 

04 

fine  (l-2mm) 

04 

flattened  in  cracks 

05 

medium  and  fine 

05 

flattened  around  rocks 

06 

medium  (2- 5mm) 

06 

mat  at  top  of  horizon 

07 

coarse  and  medium 

08 

coarse  (>5mm) 

09 

fine  and  coarse 

Code 

Abundance 

CLASS 

Very  fine 

Fine  Medium 

(NUMBER/DM**2)  --- 

Coarse 

01 

none 

02 

trace 

03 

few 

<10 

<10 

<1 

A 

I-* 

3 

04 

few  to  common 

05 

common 

10-100 

10-100 

1-10 

1-5" 

06 

common  to 

many 

07 

many 

>100 

>100 

>10 

>5" 

Table  A-8.  Index  for  pore  abundance,  size,  and  kind  in  the  PEDFORM 


system. 


Code  Size  Code  Kind 


01 

none 

01 

02 

micro  and  very  fine 

02 

03 

very  fine  (.l-.5mm) 

03 

04 

fine  and  very  fine 

04 

05 

fine  (.5-2mm) 

05 

06 

medium  and  fine 

06 

07 

medium  (2-5mm) 

07 

08 

coarse  and  medium 

08 

09 

coarse  (>5mm) 

09 

none 

irregular  and  tubular 
tubular 

tubular  continuous 
tubular  discontinuous 
vesicular 

vesicular  and  tubular 
interstitial  voids  between  peds 
interstitial  voids  between  rocks 


CODE  ABUNDANCE  VERY  FINE  MEDIUM  COARSE 

CLASS  FINE 

(NUMBER/DM** 2)  


01  none 

02  trace 

03  few  <10  <10  <1  <1" 

04  few  to  common 

05  common  10-100  10-100  1-10  1-5" 

06  common  to  many 

many  >100 


07 


>100  >10 


>5 


Table  A-9.  Index  for  effervescence  in  HC1,  and  horizon  boundary 
in  the  PEDFORM  system. 


Code 

Effervescence 

Lower  Horizon 

Boundary 

Code 

Distinctness 

Code 

Shape 

01 

noncalcareous 

01 

abrupt  <lin.) 

01 

smooth 

02 

slight 

02 

clear  (1-2. Sin.) 

02 

wavy 

03 

moderate 

03 

gradual  (2.5-5in.) 

03 

irregular 

04 

violent 

04 

diffuse  (>5in.) 

04 

broken 

05 

arbitrary 

05 

arbitrary 

06 

not  reached 

06 

not  reached 

SOP  6 

QA/QC  SAMPLES  AND  DOCUMENTATION 


This  SOP  addresses  the  types  of  QA/QC  samples  and  their  method  and  timing 
of  insertion  into  the  sample  matrix.  These  procedures  are  the  responsibility 
of  the  DCO.  QA/QC  samples  will  not  have  any  unique  identifying  codes  that 
could  enable  the  contract  laboratory  or  others  to  identify  these  samples  as 
such  and  thereby  bias  them  in  any  way.  There  may  be,  however,  obvious 
physical  differences  between  blind  field  standards  and  natural  samples  taken 
at  the  site.  The  QA/QC  samples  will  be  completely  identified  only  on  the 
Sample  Identification  Matrix,  which  will  not  be  sent  to  the  contract 
laboratory.  Samples  will  be  identified  as: 


N Natural  sample 

R Replicate  sample 

BFS  Blind  field  standard  (NBS) 

BB  Bottle  blank 

CCB  Cross-contamination  blank 


In  general,  a QA/QC  sample  will  be  inserted  into  the  sample  matrix  at  a 
frequency  of  1 roughly  1 in  20,  or  52.  Natural  soil  samples  will  be  collected 
with  plastic  sampling  implements  and  placed  in  8 ounce  ICHEM  jars. 

Replicate  samples  will  consist  of  a natural  soil  samples  placed  on  canvas 
sheet  and  mixed  thoroughly.  The  sample  will  be  split  by  quartering  the  canvas 
cloth.  All  pH  and  EC  measurements  should  be  performed  on  both  sample  splits. 

The  cross-contamination  blank  will  consist  of  a kim-wipe  used  as  a wipe 
test  of  the  sampling  device  after  decontamination.  Sample  equipment 
decontamination  will  consist  of  brushing  followed  by  a distilled  water  rinse. 


The  "bottle  blank"  soil  sample  will  consist  of  a clean  kim-wipe  placed  in 
an  I-CHEM  jar. 

NBS  blind  field  standards  will  be  poured  directly  into  an  I-CHEM  jar  and 
submitted  as  the  blind  field  standard.  Approximately  5 grams  of  NBS  standard 
will  be  used.  EPA  and  NBS  standards  for  water  samples  will  be  prepared  in 
accordance  with  the  suppliers  directions. 


Documentation 


Complete  and  accurate  sample  documentation  is  essential  to  insure  data 
integrity  and  validity.  It  will  be  the  responsibility  of  the  Document  Control 
Officer  (DCO)  to  assure  that  all  QA/QC  goals  are  met.  A final  check  to  see 
that  all  proper  physical  sample  handling,  QA/QC,  and  and  data  control 
protocols  have  been  followed  will  help  insure  a usable  data  base. 

The  documents  to  be  completed  during  the  project  may  include: 


1.  Site  / Horizon  description  form 

2.  pH  and  EC  data  form 

3.  XRF  data  form 

4.  ITR  form 

5.  Chain-of-Custody  Records 

6.  SAS  Packing  Lists 

7.  EPA  sample  tags 

8.  Rapid  Carrier  Forms 

9.  Daily  Site  Condition/Activity  Form 


Examples  of  each  of  the  forms  can  be  found  in  Appendix  B.  All  documents 
will  follow  strict  chain-of-custody  procedures.  While  documents  are  being 
prepared  in  the  field  or  laboratory,  custody  will  be  maintained  by  the  DCO. 
After  the  work  has  been  completed,  photocopies  of  the  documents  will  be  used 


as  working  documents.  A logbook  of  field  and  laboratory  work  will  be 
maintained  with  daily  notations  of  work  performed,  accomplishments,  samples 
collected,  deviations  from  SOP's  and  justification  (if  any). 

The  purpose  of  documents  is  to  contain  enough  information  to  reconstruct 
the  sampling  event  without  the  aid  of  the  technical  crew.  It  will  be  the 
DCO's  responsibility  to  assure  the  sufficient  detail,  correctness  and  legal 
integrity  of  the  documents.  All  entries  will  be  made  in  indelible  ink  and  all 
corrections  will  consist  of  initialed  and  dated  line-out  deletions.  At  the 
completion  of  each  sampling  day,  the  entries  will  be  initialed  and  dated  by 
both  the  DCO  and  the  original  author.  A line  will  be  drawn  through  the 
remaining  page  to  prevent  unauthorized  additions. 


' 


SOP  7 


SAMPLE  PREPARATION  AND  PRESERVATION 


The  DCO  will  direct  all  packaging  and  shipping  procedures.  Each 
scientist  and  technician  involved  in  obtaining  samples  will  be  responsible  for 
a specific  task  to  ensure  consistency. 


Procedure 


1.  All  soil  sampling,  decontamination,  QA/QC  samples,  sample  splits, 
and  pH  and  SC  measurement  should  be  completed  for  each  sample. 

2.  Upon  filling  a soil  sample  container,  a completed  EPA  custody 
seal  over  the  top  of  the  container.  The  custody  seal  serves 

two  purposes.  It  secures  custody  of  the  sample  and  it  secures  the 
lid  of  the  container. 

3.  An  EPA  sample  tag  is  completed  by  a field  scientist,  and  is  taped 
securely  to  the  sample  container. 

4.  The  samples  will  then  be  placed  into  a cooler  labeled  "SOIL  SAMPLES" 
or  "WATER  SAMPLE",  with  the  site  identification  and  date  also 
written  on  the  cooler  top.  Since  soil  samples  will  be  in  glass 
ICHEM  jars,  they  will  be  packed  with  vermiculite  to  prevent 
breakage.  The  cooler  will  be  packed  full,  so  there  is  no  empty 
space  for  the  contents  to  move  about. 

5.  When  the  cooler  is  full,  or  when  the  sample  collection  is  complete, 
a Chain-of-Custody  form.  Inorganic  Traffic  Report  (ITR)  (for  Routine 
Analytical  Services  - RAS),  or  Special  Analytical  Service  (SAS) 
packing  list,  and  sample  identification  matrix  form  will  be 


completed.  A prenumbered  airbill  will  be  assigned  to  that  cooler. 
Examples  of  all  forms  are  in  Appendix  B. 

The  DCO  will  double  check  the  forms  to  assure  those  samples 
mentioned  on  the  COC,  ITR  and  SAS  are  all  present  and  accounted  for 
in  the  cooler.  He/she  will  document  this  on  the  ITR,  SAS  Packing 
List  and  Sample  ID  Matrix. 

The  cooler  will  be  clearly  marked  "FRAGILE/THIS  SIDE  UP"  on  all  four 
sides  and  the  top  as  appropriate. 

The  DCO  will  then  place  the  proper  COC,  ITR  and  SAS  Packing  Lists  in 
a Ziploc  bag,  taped  to  the  inside  roof  of  the  cooler. 

The  DCO  or  scientist  will  then  close  the  cooler  and  affix  the 
airbill  to  the  top  of  the  cooler. 

The  DCO  or  field  scientist  will  then  seal  the  cooler  and  place  the 
appropriate  COC  seals  (one  in  front  and  one  in  back),  signed  and 
dated,  on  the  cooler. 

The  field  scientist  will  then  place  fiberglass  tape  over  the  custody 
seals  and  around  the  cooler,  making  sure  everything  is  secure. 

The  cooler  will  be  labeled  as  to  type  of  samples  and  date  of 
sampling,  with  a large  felt-type  pen. 

The  cooler (s)  will  then  be  transported  to  a secure  storage  facility, 
where  they  can  be  kept  under  custody  until  they  are  shipped. 


SOP  8 

X-RAY  mJCRESCENCE  SPECTROMETER  (XRF)  USE  AND  CALTBRATTCN 

The  chemical  characterization  of  soil  samples  in  the  field  will  be 
determined  by  the  field  portable  x-ray  fluorescence  (SRF)  spectrometer  ATX- 
100  instrument  manufactured  by  Aurora  Tech,  Inc,  331  Rio  Grande  Street, 
Salt  lake  City,  Utah.  The  instrument  uses  low  level  self-contained  and 
shielded  radioactive  sources  that  produce  spectral  peaks  whose  position 
(energy  level)  is  specific  to  an  individual  element  and  whose  peak  height 
or  area  which  is  indicative  of  the  concentration  of  that  element  within  the 
area  exposed  to  the  source.  Two  sources  are  proposed  to  be  used,  cadmium- 
109  (15  millicuries)  unplaced  by  the  manufacturer.  These  sources  will 
allow  semi-quantitative  determination  of  the  copper,  zinc,  arsenic,  iron, 
manganese  and  lead  concentrations. 

The  detection  limit  for  each  parameter  is  a function  of  source 
strength,  geometry/particle  size,  counting  time,  and  the  concentration  of 
other  elements.  Since  the  source  strength  and  instrument  geometry  are 
constants,  the  detection  limit  is  dependent  on  geometry/particle  size, 
counting  time,  and  concentration.  It  has  been  demonstrated  that  80  mesh 
particle  size  dominantly  composed  of  a siliceous  or  calcareous  skeletal 
matrix  will  give  analytical  results  within  20  percent.  The  larger  the 
particle  size,  the  larger  the  error.  On  a parge  mass  the  larger  the 
particles,  the  larger  the  error-a  rock  made  up  of  fine-grained  minerals, 
however,  will  essentially  have  the  same  precision  and  accuracy  is  a finely 
ground  sample. 

The  XRF  spectrometer  will  be  calibrated  by  Aurora  Tech  using  several 
samples  of  waste  material  that  were  collected  and  analyzed  as  part  of  the 
STARS  Phase  I activities.  These  same  samples  will  be  used  to  ensure 
calibration  of  the  instrument  at  each  collection  site  during  field 
activities . 

This  field  calibration  will  be  based  on  the  factory  calibration.  Peak 
area  counts  and  index  values  for  the  field  calibration  will  be  compared  to 


the  initial  calibration  and  levels  of  Cu,  Zn,  Fe,  Mn,  Pb,  As,  Cd  and  Ni 
will  be  recorded  in  the  field.  Data  for  all  spectral  lines  will  be 
uploaded  onto  a lap-tap  battery-powered  mcroconputer  in  the  field.  A 
backup  hard  copy  of  the  data  will  be  maintained  to  protect  against 
inadvertent  data  loss  or  equipment  malfunction. 

Spectral  overlap  of  As/Pb  peaks  (if  it  occurs)  will  be  resolved  using 
matrix  correction  of  secondary  peaks. 


APPENDIX  B 
STANDARD  FORMS 
SOIL  pH  AND  EC  DATA  FORM 
SITE  DESCRIPTION  FORM 
HORIZON  DESCRIPTION  FORM 
DAILY  SITE  CONDITION/ACTIVITY  FORM 
INORGANIC  TRAFFIC  REPORT  FORM 
CHAIN-OF-CUSTODY  RECORD 
SAS  PACKING  LIST 
EPA  TAG 
CUSTODY  SEALS 

SAMPLE  IDENTIFICATION  MATRIX 
RAPID  CARRIER  FORM 
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Gig 

I Schafer  & Associates 

Waste  Xlanagement 

; P.O.Box  6186 

Land  Reclamation 

‘ Bozeman.  XIT  597/5 

Resource  Inventory 

[Scnaten 

(40b)  587-3478 

Agricultural  Consulting 

XRF  FIELD  DATA  FORM 


JOB  SITE  ID  : PAGE  NO.: 

FIELD  TEAM  MEMBERS  : 

DATE 

COMMENTS: 

********************************************** « ************************************* ****** 

DATE/  SATATION  REFERENCE  PEAK  AREA 

TIME  LOCATION  Mn  Fe  Cu  Zn  As  Cd  Pb 

****************************************************************************************** 

CALIBRATION  DATA 


• • • 

• • • 

• 

• 

• 

• 

• 

: 

EXPECTED  GEOCHEM  BACKGROUND 

• • • 

• 

• 

6 

• 

****************************************************************************************** 

DATE/  STATION  TAG  SPECTRAL  PEAK  AREA 

TIME  LOCATION  NUMBER  Mn  Fe  Cu  Zn  As  Cd  Pb 

****************************************************************************************** 


****************************************************************************************** 


MATRIX  : S = SOIL,  L = LYSIMETER,  IR  = IRRIGATION/RUNOFF 

LOCATION:  ie.  RF15  = RAMSAY  FLATS  SAMPLE  15.  THESE  SHOULD 

MATCH  THE  STATION  LOCATION  ON  THE  SAMPLE  ID  MATRIX  FORM 

TYPE  : N = NATURAL  SAMPLE,  R = REPLICATE,  CCB  = CROSS-CONTAMINATION 
BLANK,  BB  = BOTTLE  BLANK,  BFS  = BLIND  FIELD  STANDARD 


P O.  Box  6136 
Bozeman.  MT  5971 5 


Schafer  I wet  537.3473 


Waste  Management 
Land  Reclamation 
Resource  Inventory 
Agricultural  Consulting 


WATER  pH  AND  SC  DATA  FORM 


JOB  SITE  ID  : 

FIELD  TEAM  MEMBERS  : 


PAGE  NO. : 


DATE  : 
COMMENTS : 


********************************************it1litililiti(ilititili,i,i,ilit1,i(it1tiliiiiitititiiit 
ENTRY  MATRIX  STATION  SAMPLE  TAG  MEASURED  SC 

NUMBER  TYPE  LOCATION  TYPE  NUMBER  pH  mmhos/cm 

************************************** 

1. 


4. 


5. 


6. 

7. 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 

**************************************************+**+4*44+4**+********* 

MATRIX  : L = LYSIMETER , IR  = IRRIGATION/RUNOFF 

LOCATION:  ie.  RF15  = RAMSAY  FLATS  SAMPLE  15.  THESE  SHOULD 

MATCH  THE  STATION  LOCATION  ON  THE  SAMPLE  ID  MATRIX  FORM 


TYPE 


: N = NATURAL  SAMPLE , R = REPLICATE,  CCB  = CROSS-CONTAMINATION 
BLANK,  BB  = BOTTLE  BLANK,  BFS  = BLIND  FIELD  STANDARD 


Schafer  £ Associates 


P O.  Box  6186 
Bozeman,  MT  59715 

(406)  567-3478 


Waite  Management 
Land  Reclamation 
Resource  Inventory 
Agricultural  Consulting 


SOIL  SERIES: 

LOCATION: 
CLASSIFICATION: 
DATE  SAMPLED: 


SITE  DESCRIPTION 

PEDFORM  Coding  Fora  - Soil  Profile  Description  Site  Information 
SITE  NUMBER:  COUNTY: 


ELEVATION:  (FT  or  M)  PRECIPITATION: 


(IN  or  MM) 


MATERIAL VEGETATION  LAND  USE 


01  volcanic  ash 

01  aixed  coniferous 

01  commercial  forest 

02  loess 

02  ponderosa  pine 

02  non-commercial  forest 

03  glacial  outvash 

03  lodgepole  pine 

03  forest 

04  glacial  till 

04  spruce-fir 

04  range 

OS  lacustrine 

05  larch-fir 

OS  dryland  crop 

06  peat 

06  Douglas  fir 

06  irrigated  crop 

07  auck 

07  mixed  deciduous 

07  irrigated  hay 

08  residual  sandstone 

08  cottonwood 

08  dryland  hay 

09  residual  shale 

09  aspen 

09  pasture 

10  residual  siltstone 

10  trees 

10  residential 

II  residual  liaestone 

1 1 dryland  crop 

1 1 urban 

12  residual  crystalline 

12  irrigated  field  crop 

12  disturbed  land 

13  aixed  aliuviua 

1 3 row  crops 

13  scrip  aine 

14  aliuviua 

14  horticultural  crop 

14  mill  tailings 

IS  colluviua 

IS  riparian 

IS  mine  duap 

16  soliflucate 

16  mixed  shur.^rass 

16  wildland 

17  sandstone  aliuviua 

17  mixed  midgrass 

17  landfill 

18  shale  aliuviua 

18  shrubs  and  grasses 

18  subirrigated  hay 

19  siltstone  aliuviua 

19  halophytic 

* 

20  crytaliine  aliuviua 

20  sedges  and  rushes 

21  limestone  aliuviua 

21  perennial  forage 

22  tailings 

22  came  pasture 

23  bare  ground 

24  dead  liccer 

DRAINAGE 

PERMEABILITY 

EROSION 

01  very  poor 

01  very  slow 

01  none 

02  poor 

02  slow 

02  slight 

03  somewhat  poor 

03  moderately  slow 

03  moderate 

04  oioderately  well 

04  moderate 

04  severe 

OS  well 

OS  moderately  rapid 

OS  slight  - wind 

06  somewhat  excessive 

06  rapid 

06  moderace  - wind 

07  excessive 

07  very  rapid 

07  severe  - wind 

08  altered,  drained 

09  altered,  wetted 

SLOPE:  deg,  X 

ASPECT: 

SOIL  TEMP  (SO  ca): 

F 

LANDSCAPE  POSITION 

LANDFORM 

NUMBER  HORIZONS: 

01 

crest 

01  sed.  upland 

10 

floodplain 

02 

ridge 

02  mountains 

1 1 

placeau 

03 

upper  aids  lope 

03  playa 

12 

mud  flow 

04 

aidslope 

04  allvl.  fan 

13 

patterned  ground 

05 

lower  aidslope 

05  sand  dune 

14 

backswaap 

06 

foots  lope 

06  ouewash 

IS 

landslide 

07 

level  slope 

07  ground  morrain 

16 

badlands 

08  alpine  till 

17 

disturbed  land 

09  terrace 

18 

talus 

COMMENTS 


Schafer 


Schafer  & Associates 

P O.  Box  6 1 36 
Bozeman,  XI T 59715 

(406)  537-3473 


^ana^em 
/.jnd  9 edam j( iQp 
Resource  inventor. 
Agricultural  ConiU/t(r? 


HORIZON  DESCRIPTION 

PEDFORM  Coding  Fora  - Soil  Profile  Description  Horizon  Data 


SITE  NUMBER:  HORIZON  NUMBER: 

HORIZON  DESIGNATION:  START  DEPTH:  (cm)  END  DEPTH:  (ca) 

MOIST  COLOR:  DRY  COLOR:  COARSE  FRAGMENTS:  (Z) 


TEXTURE 


01 

s 

17 

fs 

02 

Is 

18 

vfs 

03 

Ifs 

19 

s i 

04 

Ivfs 

20 

sndy 

05 

si 

2 1 

co-lo 

06 

fsl 

22 

co-s  i 

07 

vfsl 

23 

fi-lo 

08 

l 

24 

f i-si 

09 

sil 

25 

f ine 

10 

scl 

26 

very  fine 

1 1 

c l 

27 

s . ski . 

12 

s ic  l 

28 

1.  ski. 

13 

sc 

29 

c . ski . 

14 

c 

30 

frag. 

15 

sic 

31 

ashy 

16 

cos 

32 

medial 

STRUCTURE 


GRADE 

SIZE 

KIND 

01 

massive 

01 

mass ive 

0 1 

massive 

02 

weak 

02 

v . fine 

02 

placy 

03 

wk-mod . 

03 

f ine 

03 

gran 

04 

mod . 

04 

med . 

04 

s bk 

05 

mod-sc  rg 

05 

coarse 

05 

abk 

06 

s c r ong 

06v 

.coarse 

06 

prism 

07 

c Imnr . 

08 

wedge 

CONSISTENCE 


DRY 

MOIST 

STICKY 

PLASTIC 

01 

loose 

01 

loose 

01 

non 

01 

non 

02 

sofc 

02 

v.  f ri . 

,02 

sic. 

02 

sic. 

03 

s .hard 

03 

fr. 

03 

sc  icky 

03 

p lasc  ic 

04 

ha  rd 

04 

firm 

04 

v.  scky 

04 

v . pi  see 

05 

v . hard 

05 

v . f i rm 

06 

ex.hrd 

06 

ex . f i rm 

07 

indurated 

ROOTS 


PORES 


NUMBER 

SIZE 

LOCATION 

NUMBER 

SIZE 

KIND 

01 

none 

01 

none 

01 

none 

01 

none 

01 

none 

0 1 

none 

02 

trace 

02 

fine 

02 

ch  ru-ouc 

02 

c race 

02 

v. fine 

02 

irreg . 

03 

few 

03 

f/vf 

03 

bee ween 

03 

few 

03 

f/vf 

03 

cubul ar 

04 

few-com 

04 

f ine 

peds 

04 

few-com 

04 

fine 

04 

cub.  cone  inuous 

05 

common 

05 

med/  f 

04 

c racks 

05 

common 

05 

med/  f 

05 

Cub.  d i sc  one  . 

06 

com-mny 

06 

med ium 

05 

near 

06 

com-mny 

06 

med  ium 

06 

ves  icu  la  r 

07 

many 

07 

co/med 

rocks 

07 

many 

07 

c o/med 

07 

cub.  4 cubular 

08 

coarse 

06 

mac  ac 

08 

coarse 

08 

incersc  ic  ial 

cop 


between  rocks 


pH: 


EFFERVESCENCE 


BOUNDARY 

DISTINCTNESS  SHAPE 


01  non  calcareous 

02  slighc 

03  aoderace 

04  violent 


0 1 abrupc  ('-I") 

02  clear  (1-2.5”) 

03  gradual  (2.5-5”) 

04  diffuse  (>5”) 

05  aroicrary 

06  noc  reached 


01  smooch 

02  wavy 

03  irregular 

04  broken 


COMMENTS: 


Waste  Management 
Land  Reclamation 
Resource  Inventory 
Agricultural  Consult  inq 


SITE  ID  : 

ARRIVAL  TIME  : 

LOCATION  : 

PERSONNEL:  

WEATHER : 

WIND  SPEED  : 

PRECIPITATION  TYPE:  

CLOUD  COVER  : 

CREEK  LEVEL  / APPEARANCE  : 

COMMENTS : 

WORK  ACCOMPLISHED  : 


WIND  DIRECTION 

AMOUNT 

TEMPERATURE 


PAGE  : OF 

DEPARTURE  TIME  : 


DATE : / / 


Schafer  <&  Associates 

PO  Box  6186 
Bozeman , MT  59 715 

(406)  557-3478 


DAILY  SITE  CONDITIONS  / WORK  DESCRIPTION  FORM 


SITE  / • PERSONNEL  DATA: 


DEVIATIONS  FROM  SOP 'S  : 


CONTACTS  : 


GENERAL  COMMENTS 
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c 
c ! 
c 
( 

c 

c 

»: 

L 

L 

-c 


v>. 


<s- 


INORGANIC  TRAFFIC  REPORT 
SILVERBOW  CREEK.  MT  Rl/FS 


SMOOOPY 
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CHAIN  OF  CUSTODY  RECORD 
SILVERBOW  CREEK,  MT  RI/FS 


fl-  0584 
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U-S.  environmental  protection  agency 

CLP  Sample  Management  Otilce 

P.O.  Sox  SIS  - Alexandria,  Vir jmia  22313 

Phone:  7Q3/337-249Q  - FTS/337-249Q 

SPECIAL  ANALYTICAL  SERVICE 
PACKING  LIST 


SAS  Numoer 


Sampling  Qtfice: 

Sampling  Date<s): 

Ship  To: 

For  Lab  Use  Only 

Sampling  Contact: 

Sate  Shipped: 

Date  Samples  Rec't: 

(name) 

Site  Name/Code: 

Arm: 

Received  3y: 

(pnonei 

Sample 

Number? 

1. 

7 

Sample  Descxiption- 
Le^  Anaiyiii,  Matrix,  Concentration 

Sample  Condition  an 
Receipt  at  l ->h 

3. 

4. 
3. 
6. 
7. 

5. 

9. 

10. 

11. 

12. 

13. 

14. 
13. 
16. 
17. 

15. 

19. 

20. 


For  Lab  Use  Only 

Wh.te  - SMO  Copy,  Yellow  . Rejion  Copy,  Pink  - Ub  Copy  (or  return  to  SUO,  Cc4ea  Ue  Cooy 


SAS  PACKING  LIST 
SILVERBOW  CREEK.  MT  RI/FS 
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* opq  ti44  mast 


Preservative: 
Yes  □ No  □ 

ANALYSES 

BOO  Anions 
Solids  itsshtoshss) 

¥9 

COO.  TOC.  Nutrients 

1 

3 

POenoiics 

i 

Mercury 

«• 

Metals 

a 

6 

Cvamoe 

-4 

</1 

Oil  and  Grease  | 

i 

* 

+ 

6 

c 


o 

2* 


* 

3 

u 

i 

a 

£ 


a 

« 

<3 


Organics  GC/MS 


Priority  Poilutams 


Volatile  Organics 


P-sticidea 


Mutagenicity 


Bacienoiogy 


Remarks: 


Tag  no. 

8-12249 


Uio  Samoi*  no 


EPA  SAMPLE  TAG 


SILVERBOW  (JR6EK.  MT  Rl/FS 


9 


|?‘lf 

{if 

■ ii’f 

ill 

.If  [ 


||ii 

1 1 1 
!m 


li  llilll 

ill 
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.Stale 
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® ^ | lyrij 


3^ 
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* 305  > 
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Stale 
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□ Cart 
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SERVICES 
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□ ft*  CradM  Card 
Fd  n in*  Mow 

IbcO-^Li'i  - > 
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DESCRIPTION  OF  DEEP  INCORPORATION  METHODS 


MECHANICAL  DEEP  INCORPORATION  (ALBERTA  MULTI-LEVEL  PLOW) 
MECHANIAL  DEEP  INCORPORATION  (BOMAG:  ROTARY  MIXING) 
PRESSURE  SLURRY  INJECTION  (GKN  WOODBINE  METHOD) 
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MECHANICAL  DEEP- INCORPORATION:  PLOWS 


The  Engineering  branch  of  Alberta  Agriculture  has  developed  a series  of 
prototype  deep-plows  for  improvement  of  sodic  glacial  till  soils  in  north- 
central  Alberta.  Plows  mix  soils  to  a depth  of  18  to  24  inches.  Details  on 
the  design  and  operation  of  the  most  recent  plow  design,  a three-layer  plow  is 
contained  in: 

Kienholz,  J.C.  1976.  Development  of  a three-layer  solonetzic  soil 

reclamation  plow.  Canadian  Society  of  Agricultural  Engineers.  Halifax, 
N.S.  July  4,  1976. 
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DEVELOPMENT  OF  A THREE- LAYER  SOLONETZIC  SOIL 
RECLAMATION  PLOW 

J.  C.  Kienholz 
Associate  Ntember  CSAE 
Engineering  Field  Services  Branch 
Alberta  Agriculture 


Soil  dynamics  of  tillage  implements  along  with  field  observations  of 
various  plows  were  utilized  in  the  design  of  a three- layer  solonetzic  soil 
reclamation  plow.  The  plow  was  designed  to  plow  to  a depth  of  76  cm.  The 
main  points  of  consideration  were  scouring,  draft,  stability  and  soil  place- 
* ment.  A combination  of  cylindrical  and  exponential  curves  defined  the  shape 
of  the  moldboards.  Share  approach  angles  of  20°  and  30°  were  used  for  the 
digging  bottom  and  loose*soil  bottoms,  respectively.  An  ai r- harden ingabra 
sion- resistant  alloy ‘steel  was  used  for  the  shares,  moldboards  and  land- 
sides.  A modified  grader  blade  was  utilized  to  remove  the  top  soil.  The 
grader  blade,  loose  soil  bottom  and  digger  bottom  were  arranged  so  as  to 
leave  the  plowed  soil  with  a mixture  of  Ap  and  Csk  horizons  overlying  the 
Bnt  and  Csk  horizons.  Stability  was  achieved  utilizing  a unique  arrangement 
of  three  wheels  and  a single  lands ide. 
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INTRODUCTION 


Crop  yields  have  been  substantially  reduced  in  the  solonetzic 
areas  of  the  prairie  provinces.  This  is  mainly  due  to  the  imperme- 
ability of  the  Bnt  horizon  to  both  roots  and  water.  In  Alberta 
there  are  about  12  million  acres  of  these  soils  of  which  1.2  million 
are  reclaimable. * 

A literature  search  has  shown  that  plowing  is  the  most  efficient 

means  of  reclaiming  these  soils.  Plows  that  have  been  used,  however, 

are  either  not  suitable  to  the  prairie  conditions  or  are  not  available. 

As  a result  of  these  findings  it  was  decided  to  develop  a plow  capable 
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of  reclaiming  these  soils. 

To  reclaim  these  soils  the  plow  had  to  leave  a mixture  of  the  Ap 
and  Csk  horizons  overlying  a mixture  of  the  Bnt  and  Csk  horizons. 

The  plow  had  to  be  capable  of  plowing  to  a maximum  depth  of  76  cm  to 
obtain  the  Csk  horizon.  Because  of  the  variability  and  possible 
stickiness  of  these  soils  the  plow  had  to  be  designed  for  maximum 
scouring.  The  plow  also  had  to  have  a moderate  draft  which  was  within 
the  capabilities  of  moderate- sized  4-wheel  drive  tractors. 
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A BRIEF  DESCRIPTION  OF  THE  SOIL 

The  term  "solonetz"  is  of  Russian  origin.  It  describes  a saline 

and/or  alkaline  soil  containing  a significant  portion  of  sodium  salts 
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that  deflocculate  the  soil. 

The  most  restricting  problem  to  plant  growth  with  these  soils  is 
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the  impermeability  of  the  Bnt  horizon  to  both  roots  and  water.  Deep 
plowing  was  found  to  achieve  the  most  permanent  and  economical  means 
of  reclaiming  these  soils. ^ This  fractures  the  Bnt  horizon  and  mixes 
the  calciun  rich  Csk  horizon  with  the  high  sodium  Bnt  horizon.  It  is 
desirable  to  leave  a mixture  of  Ap  and  Csk  horizons  overlying  a mixture 
of  Bnt  and  Csk  horizons.  This  is  achieved  with  a three- layer  plow. 

OPERATION  OF  THE  THREE- LAYER  PLOW 

The  operation  of  the  plow  can  best  be  described  by  discussing 
the  operating  of  each  bottom  starting  with  the  front  bottom. 

The  front  bottom  scrapes  the  top  soil  into  the  previous  furrow 
(Figures  1 and  3). 

The  second  bottom  is  offset  to  the  right  of  the  other  bottoms 
(Figure  3).  It  runs  in  the  previous  furrow,  removing  a 2-15  cm  slice 
of  Csk  horizon  from  the  bottom  of  the  furrow  (Figure  1).  This  slice 
of  Csk  horizon  remains  relatively  intact  as  it  slides  up  the  moldboard, 
and  is  used  to  carry  with  it  loose  top  soil  deposited  in  the  furrow 
by  the  front  bottom.  This  mixture  of  Ap  and  Csk  horizon  is,  therefore, 
effectively  deposited  on  the  mixture  of  Bnt  and  Csk  horizons. 
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The  third  bottom  follows  the  first  bottom  (Figure  3) , turning 
the  hard  columnar  Bnt  horizon  along  with  some  Csk  horizon  into  the 
furrow  just  cleaned  out  by  the  second  bottom  (Figure  2).  This 
arrangement  of  bottoms  leaves  the  Ap  and  Csk  horizons  overlying  a 
mixture  of  Bnt  and  Csk  horizons. 

THEORY  OF  PLOW  BOTTOM  DESIGN 

The  plow  bottom  transfers  energy  to  the  soil.  The  amount  of 
energy  transferred  will  determine  to  what  degree  the  soil  is  frac- 
tured and,  therefore,  to  a large  degree  the  amount  of  power  that  is 
required  to  pull  the  plow. 

The  way  this  energy  is  transferred  will  determine  the  amount  of 
pressure  on  the  various  areas  of  the  share  and  moldboard.  It  will 
also  influence  the  down  and  side  forces  that  must  be  absorbed  by  the 
tractor  through  the  hitch. 

The  moldboard  is  that  part  of  the  bottom  which  lifts  and  turns 
the  soil.  The  type  of  moldboard  will  determine  the  way  in  which  the 
soil  is  turned.  Generally,  however,  the  soil  is  turned  as  indicated 
in  Figure  7.^ 

The  cross-section  of  the  furrow  slice  A,  B,  C,  D is  first  rotated 
about  point  C to  the  vertical  position  C,  E,  F,  G.  It  is  then  rotated 
about  E to  position  E,  H,  I,  J. 

In  order  that  the  furrow  slice  remains  in  the  turned  position,  the 
centre  of  gravity  (C  of  G)  must  be  to  the  left  of  a vertical  line 
through  point  E as  shown  in  Figure  7. 
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This  will  occur  when  the  width  of  cut  exceeds  1.27  times  the 
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depth  of  cut. 

By  increasing  the  speed  above  4.8  km/h,  the  bottom  will  cause 

g- 

the  furrow  slice  to  follow  a trejectory  similar  to  that  in  Figure  8. 

The  height  H of  the  trejectory  will  increase  by  approximately 
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5 cm  for  every  1.6  km/h  over  4.8  km/h. 

Figure  7 shows  the  turning  of  the  soil  using  a helical  moldboard. 
This  type  of  moldboard  requires  the  least  amount  of  energy  to  turn  a 
furrow.  The  soil  is  rotated  about  the  longitudinal  axis  only.  ^ 

At  the  other  end  of  the  scale  is  the  cylindrical  moldboard.  This 
moldboard  bends  the  soil  severely  about  all  axes.  Thus  the  energy 
requirements  are  high  for  this  moldboard. * * Other  moldboards  may  be 
parabolic,  elliptical,  hyperbolic,  involute  or  various  combinations 
of  these.  These  moldboard  curves  or  combinations  of  them  can  be 
utilized  to  give  a complete  range  of  operating  characteristics  between 
that  of  the  helical  and  that  of  the  cylindrical  moldboards. 

Scouring 

Scouring  occurs  when  soil-metal  friction  is  less  than  soil-soil 

friction.  It  is  affected  by  the  following  factors  as  found  by  Payne 

• _ 12 
and  Fontaine. 

1.  The  coefficient  of  soil-metal  friction. 

2.  The  coefficient  of  soil-soil  friction. 

3.  The  angle  of  approach  of  the  tool. 

4.  The  soil  cohesion. 


5.  The  soil  adhesion. 
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The  following  discussion  of  scouring  will  be  confined  to  the 

clay  soils,  since  these  are  more  characteristic  of  the  solonetz  soils. 

The  coefficient  of  soil-metal  friction  is  influenced  by  the 

polish  of  the  steel,  the  distance  the  soil  slides  on  the  steel  and 
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the  normal  force  applied.  Polish  is  mainly  a function  of  hardness, 

which  is  determined  by  the  carbon  content  of  the  steel. 

Soehni  found  that  the  coefficient  of  friction  increases  as  length 
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of  the  sliding  surface  increases.  This,  he  believes,  is  due  to  the 
smearing  of  soil,  which  is  actually  the  increase  in  the  actual  soil- 
metal  contact  area  for  a given  block  of  soil.  The  greatest  change  in 
the  coefficient  of  friction  he  observed  involved  dry  soil. 

Vetrov  has  shown  that  the  coefficient  of  soil-metal  friction 
decreases  for  increases  in  the  normal  pressure  up  to  676  kPa. ^ 

Soil  moisture  affects  the  soil-metal  friction  as  indicated  in 
Figure  9. 

At  the  Soil  Mechanics  Lab  at  Harvard  it  was  found  that  electro- 
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osmosis  drew  moisture  to  the  moldboard,  thus  reducing  the  draft. 

This  would  effectively  reduce  the  draft  forces. 

Soil -soil  friction  and  shear  strength  are  about  the  same  for  a 
normal,  mildly  structured  soil.  For  this  reason  there  has  been  very 
little  research  done  on  soil-soil  friction  as  it  is  applied  to  tillage 
machinery.  It  has  been  found  though  that  soil-soil  friction  decreases 
with  increases  in  soil  moisture.^ 

To  permit  uniform  scouring  on  the  moldboard,  there  must  be  a 
constant  pressure  between  the  moldboard  and  the  soil.  This  can  be 
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achieved  with  an  exponentially  curved  moldboard  which  will  bend  the 
soil  into  an  ever  tighter  circle  as  it  travels  up  the  moldboard. 

Cohesion  in  solonetz  soils  is  extremely  high  due  to  defloccula- 
tion caused  by  the  high  levels  of  sodium  salts.  It  is  important  to 
consider  this  when  designing  the  lower  part  of  the  moldboard.  It 
will  mean  that  this  part  of  the  moldboard  will  have  a very  slow  rate 
of  change  of  curve.  Failure  to  consider  this  will  result  in  extremely 
high  pressures  on  the  lower  part  of  the  moldboard  with  a resultant 
high  rate  of  wear.  Because  of  the  cohesion  creating  high  pressures 
on  the  lower  part  of  the  moldboard,  scouring  is  not  a problem  on  that 
area  of  the  moldboard. 

Adhesion  is  the  mechanism  that  causes  soil  to  stick  to  a surface. 
It  is  due  almost  entirely  to  the  surface  tensions  of  the  moisture 
film.  Wetability  is  a measure  of  the  degree  to  which  water  will 
adhere  to  the  surface  of  a metal.  On  a highly  wetable  surface  the 
water  will  spread  over  the  surface  in  a thin  film,  whereas  on  the  non- 
wetable  surface  the  water  will  draw  together  in  droplets.  The  wetting 
angles  as  shown  in  Figure  10  are  a measure  of  the  wetability  of  a 
material. 

An  example  of  wetting  angles  of  a soil  solution  from  sumpter 
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clay  on  various  metals  are  as  follows: 

- cast  iron  65.5 

- stainless  steel  81.5 


- plow  steel  76.5 
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The  above  example  indicates  that  stainless  steel  has  the  higher 
wetting  angle  and,  therefore,  less  adhesion.  With  less  adhesion, 
better  scouring  and  lower  friction  can  be  achieved.  Therefore, 
materials  with  high  wetting  angles  should  be  used  for  good  scouring. 

Shares 

The  plow  share  is  that  part  of  the  bottom  which  cuts  the  soil 
and  initiates  the  flow  of  the  soil  up  the  moldboard.  The  main  con- 
siderations in  the  design  of  the  share  are  draft  and  wear. 

Draft  of  the  share  is  influenced  mainly  by  the  angle  of  approach. 

The  chart  in  Figure  11  shows  the  result  of  Kawamura's  studies  for 
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draft  of  inclined  tools.  This  chart  indicates  that  an  angle  delta 
(5)  of  20  degrees  is  an  efficient  approach  angle. 

The  angle  of  the  share  to  the  lands ide  will  determine  to  a large 
extent  the  degree  to  which  the  soil  will  be  initially  lifted.  The 
smaller  the  angle  the  lower  the  lift.  The  smaller  angles  are  generally 
used  for  higher  speeds.  An  angle  of  45  degrees  is  a standard  angle 
for  speeds  up  to  4.8  km/h.  The  larger  angles  are  used  where  it  is 
desired  to  lift  the  soil  or  when  transmitting  high  energies  to  the 
furrow  slice. 

Materials  for  shares  must  be  tough,  wear- resistant  and  have  a 
high  wetting  angle.  To  be  efficient  they  should  also  maintain  a sharp 
cutting  edge.  The  common  steel  for  shares  is  a high  carbon  steel 
(1090).  Alloyed  steel  may  also  be  used  if  the  increased  performance 
warrants  the  additional  cost. 
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The  share  cutting  edge  should  be  kept  sharp  to  maintain  pene- 
tration, reduce  draft  and  minimize  compaction  under  the  share.  This 
is  accomplished  by: 

- using  the  thinnest  share  possible  without  encountering 
undo  breakage. 

- case  hardening  the  top  surface  of  a lower  carbon  steel. 

- applying  a thin,  smooth  layer  of  hard  facing  to  the  top- 
side of  the  share. 

Gavrilov  and  Koruschkin  showed  that  the  draft  of  a dull  share 
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was  up  to  30  percent  higher  than  that  of  a sharp  share.  This 
stresses  the  importance  of  selecting  and  applying  the  proper  steel 
and/or  hard  facing  treatment  to  maintain  a sharp  share. 

PLOW  DESIGN 

The  plow  was  designed  in  two  main  stages.  The  bottoms  were 
designed  first;  then  to  hold  these  bottoms  a chassis  was  designed. 

Design  Criteria  for  the  Three  Bottoms 

Design  criteria  for  the  bottoms  was  extracted  from  the  speci- 
fications of  the  soil  profile  and  the  theories  previously  outlined 
in  this  paper. 

Criteria  for  the  front  bottom  was  based  on  the  maximum  depth 
of  top  soil,  16  cm,  and  the  minimum  width  of  cut  of  the  rear  bottom. 
Because  the  bottom  was  required  to  move  the  topsoil  to  the  side,  a 
grader  blade,  which  was  readily  available,  was  used.  Adjustment 


- 9 - 

both  fore  and  aft,  and  vertically  was  provided  by  means  of  a clamp 
which  held  the  bottom  to  the  frame. 

Criteria  for  the  second  bottom  was  based  on  the  requirement  of 
having  up  to  16  cm  of  Csk  horizon  removed  from  the  bottom  of  the 
furrow  and  carried  along  with  the  top  soil  to  the  top  of  the  previous 
furrow  slice.  The  width  of  cut  was  the  same  as  the  front  bottom. 

The  angle  of  the  share  was  set  at  60  degrees  to  the  landside  to  lift 
the  soil.  An  elliptical  curve  was  used  at  the  tip  of  the  moldboard 
which  was  blended  into  a cylindrical  curve  at  the  leading  edge  of  the 
share.  This  arrangement  of  curves  minimized  the  fracturing  of  the 
slice  of  Csk  horizon  that  was  to  carry  the  Ap  horizon  to  the  top  of 
the  previous  furrow.  The  approach  angle  of  the  share  was  set  at  30 
degrees  so  as  to  lift  the  soil.  This  was  later  found  to  be  partially 
responsible  for  the  high  draft  of  the  second  bottom.  A 20  degree 
angle  of  approach  would  have  been  better.  Adjustment  was  provided 
by  means  of  a clamp  which  held  the  bottom  to  the  frame. 

Criteria  for  the  third  bottom  was  based  on  the  maximum  depth  of 
cut,  45  cm,  which  also  set  the  minimum  width  of  cut  at  60  cm.  This 
is  the  minimum  width  of  cut  for  the  depth  that  will  stay  turned.  A 
parabolic  curve  was  used  at  the  wing  tip  which  was  blended  into  a 
cylindrical  curve  at  the  leading  edge  of  the  share.  The  approach 
angle  of  the  share  was  set  at  20  degrees;  the  optimum  angle  as  dis- 
cussed previously  in  this  paper.  This  combination  imparted  good 
scouring  and  light  draft.  This  bottom  was  also  attached  by  means  of 
a clamp  to  accommodate  the  experimental  nature  of  the  plow. 
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Material  for  the  two  rear  moldboards  was  Astralloy,  an  air 
hardening  abrasion  resistant  alloy  that  could  be  bent  in  the  hardened 
state. 

Design  Steps  for  the  Moldboard 

In  order  to  define  the  shape  of  the  moldboard,  a pattern  for  the 
flat  or  cut  shape  of  the  moldboard  material  was  required.  A template 
for  the  curves  at  various  stations  along  the  moldboard  was  also 
required.  To  obtain  the  cutting  pattern  and  curve  template,  four 
views  of  the  moldboard  were  constructed. 

The  front  view  was  constructed  to  define  the  cutting  width,  depth, 
landside  height,  maximum  height  of  the  developed  moldboard  and  the 
underside  shape  of  the  moldboard. 

A side  view  perpendicular  to  the  edge  of  the  share  was  constructed 
to  define  the  curves  at  the  various  stations  along  the  moldboard. 

A top  view  was  constructed  to  establish  the  location  of  the 
curves,  angle  of  the  share  to  the  landside,  location  and  size  of  the 
landside  and  a base  from  which  to  project  to  the  drawing  of  the  cut 
shape  of  the  moldboards. 

The  drawing  of  the  cut  shape  was  then  done  by  projecting  from  the 
previous  drawings. 

Curves  for  the  segments  making  up  the  standards  were  also  con- 
structed by  projecting  from  the  previous  drawings. 
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CHASSIS  DESIGN 

The  chassis  for  the  three-layer  plow  was  designed  for  maximum 
flexibility  and  stability.  The  main  objective  was  to  accomnodate  the 
experimental  nature  of  the  project. 

Flexibility  was  built  into  the  main  members  and  the  hitch.  The 
main  frame  members  were  aligned  parallel  to  the  furrow.  The  members 
were  also  kept  free  from  other  parts  to  allow  for  the  attachment  and 
adjustment  of  the  various  bottoms  and  related  equipment.  The  bottoms 
were  then  clamped  to  these  members  to  allow  for  fore  and  aft,  and 
vertical  adjustment  (Figure  3) . 

The  hitch  was  designed  with  adjustments  to  accommodate  a wide 
range  of  tractor  operating  positions.  Vertical  adjustments  of  the 
hitch  were  made  by  raising  or  lowering  the  spindle  in  the  hitch  spindle 
bushing  and  securing  with  a collar  (Figure  1).  Side  adjustments  were 
made  using  the  vernier  adjustment  provided  on  the  right  side  of  the 
hitch.  These  hitch  adjustments  allowed  the  tractor  to  be  run  in  any 
position  from  straddling  the  furrow  to  running  completely  on  the  land. 

The  plow  had  to  be  stable  for  meaningful  results  to  be  obtained. 
Stability  for  this  plow  was  obtained  through  the  design  of  the  plow 
bottoms,  location  of  the  wheels  and  arrangement  of  the  hitch. 

A landside  was  installed  on  the  rear  bottom  only  (Figure  6). 

It  was  designed  to  take  the  side  force  from  all  the  bottoms.  A width 
of  cut  control  was  installed  on  the  second  bottom.  This  was  a shoe 
that  projected  past  the  edge  of  the  shin.  It  prevented  the  second 
bottom  from  cutting  into  the  furrow  wall. 
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A land  wheel  was  used  to  control  the  depth  of  plowing.  To 
lower  the  plow  into  the  working  position,  this  wheel  was  swung  back 
to  the  side  and  just  in  front  of  the  rear  bottom  (Figure  4).  With 
the  wheel  in  this  position,  a small  change  in  the  depth  of  plowing 
produces  a comparatively  large  change  in  the  fore  and  aft  level  of 
the  plow  which  is  continually  corrected  by  the  rear  furrow  wheel. 

In  the  transport  position  the  wheel  moves  forward  to  increase  the 
fore  and  aft  stability  of  the  plow,  and  also  alignes  with  the  other 
front  wheel  to  facilitate  turning. 

The  front  furrow  wheel  moves  ahead  for  lowering  the  right  side 
of  the  plow.  This  wheel  is  used  to  maintain  the  side  to  side  level 
of  the  plow.  It  is  also  used  to  tilt  the  plow  to  reduce  the  draft  on 
the  first  and  second  furrows. 

The  rear  furrow  wheel  controls  the  fore  and  aft  level  of  the 
plow.  Adjustments  can  be  made  by  loosening  the  lock  nut  and  turning 
the  handle  on  top  of  the  vertical  caster  bushing  (Figure  2).  The 
plow  is  properly  adjusted  when  the  front  and  rear  of  the  frame  is  the 
same  height  when  the  plow  is  working  (Figure  4) . 

CONCLUSION 

This  plow  (Figures  5 and  6)  was  tested  and  compared  with  single 
layer- type  plows  and  was  found  to  pull  about  25  percent  heavier.  This 
was  partly  due  to  a 30  degree  rather  than  a 20  degree  approach  angle 
of  the  share  of  the  second  bottom.  A portion  of  the  excessive  draft 
can  also  be  attributed  to  the  steepness  of  the  curve. 
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Hie  plow  did,  however,  meet  all  the  other  requirements  of  scour- 
ing, stability,  soil  mixing  and  soil  placement. 

The  soil  scientists  from  the  University  of  Alberta  and  Alberta 
Agriculture  are  pleased  and  enthusiastic  with  the  apparent  results  of 
the  plow.  The  problem  of  draft  can  be  reduced  if  crop  yields  confirm 
the  need  for  this  type  of  plow. 
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FIGURE  II 


MECHANICAL  DEEP -INCORPORATION:  ROTARY  MIXING 


Product  literature  for  two  manufacturers  of  rotary  deep-mixing  devices 
are  included  (Roto-Clear,  and  Bo-Mag).  Inclusion  of  product  literature  does 
not  constitute  product  endorsement.  Discussions  with  users  of  these  product 
for  land  reclamation  purposes  indicates  that  mechanical  incorporation  to 
depths  of  14  inches  can  be  achieved. 


MPH100 
Soil  Stabilizer 


Highway  mainline  grades  and  shoulders,  secondary  roads,  haul  roads  and 
service  roads,  airports,  building  sites,  parking  lots . . . whatever  the  applica- 
tion - the  BOMAG  MPH100  SOIL  STABILIZER  will  prove  its  ability  to  out 
perform  any  competitive  machine  at  the  lowest  operating  cost. 

The  MPH100  is  a fully  hydraulic  stabilizer  with  no  mechanical  drive  compo- 
nents to  fail  under-stress.  The  BOMAG  patented  rotor  drive  system  is 
unique  in  the  industry. 

Achieve  maximum  productivity  through  "Automatic  Power  Apportioning”. 
APA  regulates  the  travel  speed  of  the  stabilizer  according  to  the  power 
demands  on  the  rotor.  This  provides  faster  working  speeds  without  exceed- 
ing the  available  engine  power,  and  protects  the  hydrostatic  system  from 
being  overloaded  by  improper  machine  operation.  This  patented  system 
can  provide  as  much  as  50%  greater  productivity  than  can  be  achieved  by 
machines  without  this  feature. 

The  rotor  is  driven  from  both  ends  by  radial  piston  motors  and  turns 
opposite  to  the  machine’s  forward  travel.  Thus  the  rotor  teeth  cut  and 
pulverize  simultaneously  in  an  upward  direction  reducing  the  size  of  large 
clumps  until  the  desired  gradation  has  been  achieved.  To  protect  the  drive 
system,  the  rotor  drive  hydraulic  oil  is  filtered  each  cycle,  and  for  further 
protection,  relief  valves  reduce  shock  loads  should  a hidden  obstacle  be 
struck  by  the  rotor.  Warning  devices  alert  the  operator  to  system  malfunc- 
tion. 


OBI  POWER  APPORTIONING  SYSTEM 
W HYDROSTATIC  TRACTION  SYSTEM 

rotor  drive  system 

© traction  pump  © traction  motor  © relief  valve 
© rotor  drive  pump  © flow  divider  © rotor  drive  motors 


BOMAG's  premium  cutting  teeth  outlast 
other  teeth  by  a large  margin.  When  change- 
out  is  required,  one  person  can  replace  the 
entire  set  of  70  tap-in/tap-out  teeth  in  just 
one  hour  using  a hammer  as  the  only  tool. 

The  chevron  pattern  of  tooth  placement  on 
the  rotor  evens  the  shock  loads  on  the  teeth 
and  rotor  to  significantly  extend  component 
life. 

Premium  rotor 
teeth  with  3/16  or 
3/8-inch  (5  mm  or 
10  mm)  thick  car- 
bide facing  are 
recommended  for 
most  applications 
to  provide  opti- 
mum tooth  life  and 
lowest  cost  per 
unit  of  material 
stabilized. 


SPECIFICATIONS 


MPH  100 

SOIL 

STABILIZER 

OIMENSIONS/WEIGHTS 

Operating  Weight 

30.300  lb  (13  744  kg) 

Shipping  Weight 

29.290  lb  (13  286  kg) 

Overall  Width 

120  0 in  (3  050  mm) 

Overall  Height 

140  0 in  (3  555  mm) 

Height  (less  ROPS) 

101  0 in  (2  565  mm) 

Overall  Length 

336  0 m (8  535  mm) 

Wheelbase 

128  5 in  (3  265  mm) 

Turning  Radius-inside 

250  0 in  (6  350  mm) 

Ground  Clearance 

20  0 in  (510  mm) 

ROTOR 

Final  Drive  Type 

radial  piston  motors 

Diameter 

48  0 in  (1  220  mm) 

Cutting  Width 

79  0 in  (2  005  mm) 

Cutting  Depth -standard 

14  5 in  (370  mm) 

-deep  mix 

19  0 in  (485  mm) 

Rotor  Speed 

0 to  135  rpm 

Quantity  ot  Teeth 

70 

ORIVE  SYSTEM 

Engine 

Detroit  Diesel  8V-71N 

Rated  Power  @ Speed 

304  bhp  (227  kw)  @ 2100  rpm 

Electrical  System 

24  volt 

Propulsion  Drive 

hydrostatic 

Transmission 

2 speed  mechanical 

Max.  Speeds  - working 

202  (pm  (61.6  m/min) 

- travel 

12.0  mph  (19.3  km/hr) 

Fuel  Tank  Capacity 

120  gal  (455  1) 

Hydraulic  Oil  Capacity 

60  gal  (227  1) 

Tire  Size  front 

11.25  x 24  8 ply 

rear 

28L  x 26  10  ply  R1 

STEERING 

Type 

hydraulic,  Orbitrol 

BRAKES 

Service  hydrostatic  braking  with  traction  drive  circuit 
Emergency  hydraulic  drum  type  in  drive  wheels 
Parking  manually-applied  drum  type  in  wheels 

Standard  Features 

Hydrostatic  traction  drive  with  single  lever 
control  and  neutral  start  switch  • Direct 
hydraulic  rotordrive  with  Automatic  Power 
Apportioning-APA  • Hydraulic  power 
steering  • Hydrodynamic  service  brakes  • 
Instrumentation  and  controls  include:  en- 
gine tachometer;  hour-meter;  engine  coo- 
lant temperature  and  oil  pressure  gauges; 
ammeter;  hydraulic  oil  temperature  gauge; 
speedometer;  diesel  fuel  and  hydraulic  oil 
level  gauges;  hydraulic  oil  filter  change 
indicators;  engine  air  cleaner  restriction 
indicator;  vacuum  gauges;  horn  • Tool  box 
• Hydraulic  filter  kit  • Adjustable  operator  s 
seat  with  arm  rests  and  seat  belt  • ROPS. 

Optional  Equipment 

Automatic  Liquid  Proportioning  System  - 
ALPS  • Asphalt  additive  system  (manual)  • 
Water  additive  system  (manual)  • ROPS 
cab  • Engine  air  pre-cleaner  • Lights  • 
Paint  (colors  other  than  standard  BOMAG 
yellow)  • Deep-mix  rotor  - mixes  to  19 
inches  (485  mm)  • Teeth  - economy  grade 
or  clay  cutter  • Desert  Cooling  Kit  • Manual 
Cross  Slope  • Automatic  Grade  Control 
with  averaging  ski  • 


BOMAG 

AAVCA 

INTERNATIONAL 


BOMAG  USA 

Soringheld.  Ohio 

Tel  513-3258733.  Tele*  4984147 

BOMAG  CANADA 

Mississauga.  Ontario 

Tel  416/6256611.  Tele*  6961250 


BOMAG  GERMANY 

Boppard/Rhem 

Tel  67  42-100  0.  Tele«  426316 

BOMAG  AUSTRIA 

Wien 

Tel  222  693617  0.  Telex  133-535 

BOMAG  FRANCE 

Breligny  Sur  Orge 

Tel  084  95-30.  Tele.  691370 

BOMAG  GREAT  BRITAIN 

Larklield.  Kent.  Tel  622-76611,  Telei  965787 

BOMAG  NETHERLANDS 

Barnevetd.  Tel  3420-91333/91639.  Telen  76352 


BOMAG  ALGERIA 
Alger-Birkhadem, 

Tel  567120.  Tele.  624' 
BOMAG  MIDDLE  EA! 
Amman.  Tel  661935.  1 
BOMAG  ASIA  PACIFI 
Singapore. 

Tel  7346233.  Tele.  3. 
BOMAG  JAPAN 
Tokyo 

Tel  280  48  3411  Tele 
BOMAG  AUSTRALIA 
North  Wyong 
Tel  522144.  Tele.  23260 


505  Nodh  24lh  Street/P  0 Bo.  30438/Billings.  Monlana  59107  0438/406-259  5500 
2322  River  0nve/P0  Bo.  2507/Great  Falls  Monlana  59403  2507/406  453  1405 
2300  E Yellowstone  Hwy/P  0 8o.  2630/Casper.  Wyoming  82602  2630/307  234  5381 
3800  Wigwam  Btvd  /P0  Bo.  2377/Gilletle.  Wyoming  82716  2377/307  682  9742 


BOMAG.  MENCK  and  TERRAMETER  are  Trademarks  ol  BOMAG  MENCK  GmbH 


MANUFACTURED  by 

ROTOCLEAR 
MFC.  LTD. 

#5  - 3834  - 54  Avenue  S.E. 
Calgary,  Alberta,  Canada  T2C  2K9 
Telephone  (403)  279-7759 


New  One  Pass  Clearing 
Power  for  use  in 
Agricultural  - Forestry 
environmental 
management. 


1 . Showing  Rotor  with  tailgate  raised.  Standard  rotor 
56  teeth. 

2.  Hood  Cover  and  Tailgate.  Tailgate  operated 
hydraulically  from  lever  in  front  of  left  fender. 

3.  Showing  Rotoclear  Machine  going  into  trees  and 
mulching  them. 

4.  Gauge  Panel.  Also  showing  control  panel  that  is 
taken  to  the  pulling  unit  where  the  operator  con- 
trols the  operation  of  the  Rotoclear  machine. 

5.  Showing  the  rear  portion  of  the  Rotoclear  ma- 
chine - chain  case,  depth  gauge,  tailgate  lever 
skid. 


ROTOCLEAR 


(T)  25  foot  Grove  of  poplar  trees 
before  Rototilling 

(2)  Same  Grove  after  one  pass 
with  Rotoclear  machine. 

(7)  Picture  showing  stump  before  Rototilling. 
The  recommended  height  is 
ground  level  to  4"  above  for 
the  best  job 


(7)  Showing  stump  mulched 
and  also  the  depth  of  cut. 

(5)  Large  Stump  & Logs  before 
Rototilling 


(b)  Customer  looking  for 
Stumps  after  one 
pass  with  Rotoclear  machine 


SPECIFICATIONS 


PHYSICAL  DIMENSIONS 


ROTOR  (STANDARD) 

Width:  7'6" 

Diameter  Including  Teeth:  31" 


2.30  metres 
79  centimetres 


Length  Overall: 

22'6"  6.85  metres 

Teeth: 

56  Self  Sharpening  Knock- 

Width: 

9'8"  3.00  metres 

Out  Replacement 

Shipping  Width: 

8'0"  2.45  metres 

Pockets: 

Taper  Wedge, 

Height: 

9'0"  2.75  metres 

Drum: 

High  Tensile  Steel 

Shipping  Weight  Without  Fuel : 22,000  lbs.  9979.60  Kgms 

Depth  of  Cut: 

3"  to  9" 

7.6  to  22.8  centimetres 

POWER  UNIT 

Speed: 

360  RPM 

Engine: 

8V-92T  CM  Diesel 

425  HP  @ 2350  RPM 

Electrical  System: 

24  volt,  Alternator 

STANDARD  EQUIPMENT 

Air  Cleaner: 

Donaldson  Dry  Type, 

Frame  12",  30  centimetres 

Heavy  Duty 

Underframe  plating  Vi',  1.27  Centimetres 

Heavy  duty  engine  and  rotor  hoods 

COOLING  SYSTEM 

Extra  heavy  duty  radiator  and  engine  guards 

Capacity: 

23  gallons,  105  litres 

Electrically  controlled,  hydraulic  throttle  and  rotor-lift 

2 Torque  Converter  Coolers 

Hydraulic  Tail  gate  lift 

Electric  starter 

DRIVE  SYSTEM 

Full  view  gauges 

Torque  Converter: 

Allison  574 

Tachometer  and  hour  meter 

Rear  End: 

Single  Reduction  Rockwell 

Adjustable  tow  bar 

R140, 

Tires  — 23.1  x 26,  10  ply  tube  type  Skidder  Steel  braid 

Top  Axle: 
Stub  Axle: 
Chain: 


Ratio  5.29:1 

Full-Float  5 Ball  Suspension 
(Allows  hood  and  rotor  to 
float  independently  of 
main  frame.) 

11  Tooth  High  Carbon  Steel, 
Double  Sprocket 
14  Tooth  High  Carbon  Steel, 
Double  Sprocket 
140  Double  Top  Quality 


60  x 65  centimetres 
200  Imp.  gal.  fuel  tank,  908  Litres 


OPTIONS 

8V-71  CM  Diesel,  318  HP  @ 2100  RPM 
8V-92  GM  Diesel,  365  HP  @ 2350  RPM 
Air  Filter  pre-cleaner,  except  8V-92T 
Special  rotors  on  request 


MADGE  ROTOCLEAR 


The  Madge  Rotoclear  is  Canadian  in  concept,  design  and  manufacture. 
It  is  manufactured  by  and  marketed  through  Roto  International  Group 
Inc.,  in  Calgary,  Alberta,  and  patented  in  Canada,  the  United  States  and 
the  United  Kingdom,  with  world  patents  pending. 

It  can  clear  and  mulch  in  surface  growth  under  rigorous  conditions  of 
climate  and  terrain. 

The  new  Rotoclear  is  the  culmination  of  many  years  of  tried  use,  testing 
and  modification  Its  performance  leads  us  to  believe  that  it  is  unique  in  a 
global  marketing  context 

The  model  currently  available  is  designed  to  be  pulled  by  any  four  wheel 
drive  or  track-type  tractor. 

Past  models,  upon  which  this  extremely  strong  and  powerful  new 
generation  is  based,  have  up  to  10,000  hours  on  them  . . a good  indication 
of  the  sound  engineering  and  construction. 

Operation 

Operation  is  very  simple,  requiring  minimal  operating  training  The 
tailgate  covering  the  rotor  lifts  hydraulically,  using  a lever  at  the  side  of  the 
machine.  The  rotor  depth  can  be  manually  pre  set  from  3”  to  9".  Every- 
thing else  is  controlled  from  the  cab  of  the  pulling  vehicle  through  a 
plug-in  connection  on  the  front  of  the  Rotoclear.  A hand  control  with  push 
buttons  raises,  lowers,  accelerates  and  decelerates  the  rotor 

The  Rotoclear's  unique  advantage  is  that  for  less  than  current  cost,  it 
provides  a viable  alternative  to  the  slashing,  burning  or  stacking  of  surface 
growth. 

The  Rotoclear  can  be  pulled  by  a four-wheel  drive  tractor,  track-type 
tractor  or  all  terrain  vehicle  The  pulling  vehicle  should  be  equipped  with 
a blade  or  roll  bar,  to  push  down  the  timber  or  underbrush  Standing  trees 
up  to  5''  diameter  can,  in  this  way,  be  mulched  in  one  pass  by  the 
Rotoclear. 

Use  of  the  Rotoclear  takes  away  much  of  the  confrontation  between  the 
farmer  and  environmental  a gencies  The re  is  little  to  object  to  when 


unuseable  timber  and  brush  are  fragmented  and  mulched  into  the 
ground  The  farmland  thus  created,  isleftclearfor  eventual  planting 
with  the  added  benefit  of  containing  fibre  in  the  soil  to  promote 
new  growth  and  prevent  erosion. 

Agriculture 

The  early  models  of  this  machine  were  designed  for  agriculture. 
Obviously  the  Rotoclear  has  no  problem  in  breaking  up  pasture 
land  that  has  become  so  packed  and  hard  as  to  hinder  the  growth 
rate  and  nourishment  of  the  grass.  It  is  incredibly  fast  and  efficient 
in  cleaning  new  agricultural  land,  and  offers  the  ideal  method  of 
clearing  and  mulching  crop  residues  to  leave  a well  fertilized, 
cultivated  seed  bed  for  the  next  season  s crop 

Forestry 

The  Madge  Rotoclear  is  certified  by  the  U S.  Forest  Department 
Earlier  models  have  been  utilized  in  the  clearance  of  scrub  oak, 
prior  to  pine  planting.  The  machine  achieved  a 98%  kill  of  the  scrub 
oak 

The  machine  will  chew,  mulch  and  bury  stumps,  roots  and  under- 
brush under  the  soil  to  a depth  of  8"  to  9"  or  less,  as  required, 
leaving  the  top  soil  ready  for  planting  Quite  often  prior  to  seeding, 
the  soil  is  packed  or  light  raked,  as  the  rotor  fluffs  it  up  to  approxi- 
mately 12"  to  14"  An  important  feature  is  that  the  Rotoclear  will 
fragment  and  mulch  stumps  measuring  up  to  the  width  of  the  rotor 
providing  they  are  cut  no  higher  than  5”  above  the  ground 

Summation 

The  Madge  Rotoclear  is  reliable,  powerful,  and  versatile.  It  can 
not  only  give  a better  result,  but  at  a lower  cost. 

For  any  further  information,  get  in  touch  with  either: 

R A Madge,  President  or  W.E.  Dick,  Sales  Manager 

Res.  403  - 242-1397  Res.  403-242-3703 


RINTED  IN  CANADA 


LIME  SLURRY  PRESSURE  INJECTION 


Pressure  injection  of  lime  slurry  grouting  materials  is  used  for 
improving  soil  srength  of  expansive  soils.  Use  of  this  technique  for 
neutralization  of  acid-contaminatd  soils  is  relatively  new.  Details  on 
pressure  injection  for  improving  soil  strength  are  found  in  : 

Boynton,  R.S.  and  J.R.  Blacklock.  no  date.  Lime  Slurry  Pressure  Injection. 
National  Lime  Association  Bulletin  331.  43  p. 


LIME  SLURRY  PRESSURE 


PUBLISHED  BY  NATIONAL  LIME  ASSOCIATION 
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NATIONAL  LIME  ASSOCIATION 
3601  No.  Fairfax  Drive 
Arlington,  VA  22201 
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this  void  and  to  elevate  (by  hydraulic  The  entire  area  was  injected  to  add 

pressure)  the  slab  to  its  original  con-  strength  to  the  saturated  silty  clay  soils  to 
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coming  into  contact  with  a worker  s skin  prolonged  contact  There  is  no  urgency  in  must  be  equipped  with  close-fitting  gog-  Only  workers  with  unusually  sensitive 

Prolonged  contact  of  hydrated  lime  with  removing  hydrated  lime  dust  from  open  gles  (f  a worker  in  a bent-over  position  skins  are  adversely  affected  by  slurry 

skin  damp  with  perspiration  and  chafed  skin  areas,  but  it  should  be  Hushed  off  should  drop  an  open  bag  on  the  ground,  splashing  on  then  bare  skin  But  the  same 

by  tight  clothing  can  produce  burns  with  water  as  soon  as  convenient  the  ,mpact  could  cause  a dense  cloud  of  ngid  care  should  be  exercised  to  prevent 
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Fig  3T  Diagram  of  three  common  injccnon  plans 
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LIST  OF  ACRONYMS 


ARAR' s 

Applicable,  and  Relevant  or  Appropriate  Requirements 

CERCLA 

Comprehensive  Environmental.  Response  Compensation 
and  Liability  Act 

CLP 

Contract  Laboratory  Program  (EPA's) 

EPA 

U.S.  Environmental  Protection  Agency 

FS 

Feasibility  Study 

ITR 

Inorganic  Traffic  Report 

LAP 

Laboratory  Analytical  Protocol 

MDHES 

Montana  Department  of  Health  and  Environmental  Sciences 

NBS 

National  Bureau  of  Standards 

NPL 

National  Priorities  List 

QA/QC 

Quality  Assurance/Quality  Control 

QAM 

Quality  Assurance  Manager 

QAPP 

Quality  Assurance  Project  Plan 

RAS 

Routine  Analytical  Services 

RI 

Remedial  Investigation 

SARA 


Superfund  Amendments  and  Reauthorization  Act 


SAS 

SBC 

SMO 

SOP 

STARS 

TSOP 


Special  Analytical  Services 
Silver  Bow  Creek 


Special  Management  Office  (EPA's) 

Standard  Operating  Procedure 

Streambank  Tailings  and  Revegetation  Study 

Tailings  Study  Operations  Plan 


XRF 


Field  X-ray  Fluorescence  Spectometry 


